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DEFABTUENT of agriculture, CEYLON, 
BULLETIN No. 68. 

YIELD AND GROWTH IN HEVEA 
BRASILIENSIS. 


Introduction. 



jOME Bimple method of determining the best 
yielding trees is generally required by rubber 
planters. If individual yield records could be 
kept on estates , the best and worst yielding trees 
would be known, but the collection of such yield 
records is not practicable, and such information 
i 3 therefore, generally not available. If, however, the yielding 
capacity of a tree could be accurately gauged by some vegeta- 
tive character, such as cortex thickness, or ^h, which can be 
measured easily, the detection of the best yielding trees would 
be facilitated, and their selection thus made easy. 

Selection of Hevea trees is made for two purposes, viz. 


(1) To ascertain the poor yielders in order that they may be 

removed in thinning ; and 

(2) To ascertain the highest yielders for the purpose of 

propagation. 

In a previous publication * are recorded certain data from 
a plot at Peradeniya Experiment Station of 161 trees raised 
from seed of the well-known, high -yielding, Henaratgoda 
No. 2 tree. These data include measurements of girth, cortex 
thickness, number of rows of latex vessels in the cortex (made 
in April, 1921, at the commencement of tapping, when the 
trees were 10 years old), and the yield for the first 10 months 
oi tapping. Certain relationships were found between yield 
and girth, cortex thickness, and number of rows of latex vessels. 
It was considered desirable to repeat the investigation for the 
second year of tapping to ascertain if any change had occurred 
in the relationships recorded . At the same time it was decided 
that the scope of the investigation could usefully be extended 
to include relationships between other characters. 

6 ( 30 ) 23 - 1,200 
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With these objects in view, further specimens of cortex were 
taken, and other data requisite were collected. The speci* 
mens of cortex were taken in April, 1923, from the following 
positions : — 

(1) Untapped cortex at 2 feet from ground level, adjacent 

to the spot from which the 1921 specimen was taken. 

(2) Untapped cortex at 16 inches below (1), t.e., at 8 inches 

above ground level. 

(3) Renewing cortex at 2 feet adjacent to (1). 

The figure (Fig. 1) illustrates the positions from which the 
cortiex specimens were taken. In many cases large lateral 
roots have their origin on the stem at a point several inches 



above ground level, and for this reason specimens were taken 
at 8 inches above ground level to ensure that rout cortex was 
not included. From these specimens measurements of cortex 
thickness and number of latex vessel rows were taken, the 
methods employed being as described in Bulletin 55. 

Girth was measured at .■) feet above ground level, rt tbe 
same time, to conform with previous girth measurements. 

Tapping was continued by the same tapping cooly 
out the year on alternate days, the trees being given n ^ 
period. The same method of coagulation of the latex in 
collecting cups was continued. 
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The yields given in BnUetin 55 * were for the first 10 
months of tapping only, April 1, 1921, to January 31,7922 
the ;^elds for the first complete year are now given in Table 1.* 
In this table are also recorded measurements for 1922-21 nf 
the vanous characters referred to above. All yield fieures 
are given m grammes of dry rubber. ^ 

*88 TnTm! ions six trees (Nos. 11. 

22, 76, 85, 88. and 111) have practically ceased to yield latex 
Tapping has, however, been continued on these trees. In 
view of their abnormal condition, data referring to them have 
not been mcluded m the present investigation, which is there- 
fore based on the remaining 155 trees. 


Before proceedmg to examine the physiological interrela- 
tionships of the various characters, a preliminary study of 
those characters is desirable to obtain information as to their 
variability. Such a study has already been made in Bulletin 
55, and has been carried on in the present Bulletin in Part I 
The investigation then proceeds to the examination of the 
phy.siologieal interrelationships in Part II. The appHcation 
to estate practice of conclusions reached as a result of the 
present investigation is discussed in Part III. 


PART I. 

Yield. 

The yields of the 155 trees for the tapping year, 1921-22 
ranged from 1,392 grammes (Tree 118) to 3,693 grammes of 
uy rubber (Tree 67), the mean yield being 2,249 grammes 
It MS pointed out in Bulletin 55 i that the yields are not 
TOifiy distriouted throughout the range, but cluster round a 

IT w 'or the frequency distribution 

^ expressed in the form of a graph, a curve is obtained 

narisA *' For convenience of com- 

tapping years, 1921-22 and 1922-23, 
is ordinates in Fig. 2. The 1922-23 curve 

8 kcwne! 3 \^ 7 ” ‘‘“'t of the range, the 

of yields ijw a*'’ '='”tsiderably loss than that in curves 
_^i'isof mixed populations (c/. Bulletin 55, Fig. 3). 


* iiuB table ifl 


given at the cud of the BuUetin. 
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Table 2. 


Frequency Distribution of Yield for 1922-23. 


Yield. 

Grammes. 

1 , 200 - 1,499 

1 , 500 - 1,799 

1 , 800 - 2,099 

2 , 100 - 2,399 

2 , 400 - 2,699 

2 , 700 - 2,999 

3 , 000 - 3,299 


Frequency. 

. 5 

14 
17 
19 
25 
21 
Ifi 


Yield. 

Grammes. 

3 , 300 - 3,599 

3 , 600 - 3,899 

3 , 900 - 4,199 

4 , 200 - 4,499 

4 , 500 - 4,799 

4 , 800 - 5,099 


Frequency. 

14 

13 

2 

5 

1 

3 


For tbe tapping year, 1922-23, the yields ranged from 1,330 
grammes (Tree 118) to 5,088 grammes (Tree 5), the mean yield 
being 2,773 grammes. The range, 3,758 grammes, is thus 
considerably greater than that of the previous year, 2,301 
grammes. This indicates a greater variation in yield in the 
second year. The variability of one year may be readily 
compared mth that of another year by means of the coefficient 
of variability. The coefficient of variability of the 161 trees 
for the first 10 months of tapping was given as 19 * 1 ; for the 
first 12 months’ tapping of the 155 trees it wasfound to be 18*2; 
and for the second 12 months 29 ‘2. The coefficient for the 
second year is thus greater than that for the first year, but is 
still much lower than those given for mixed populations by 
Whitby and la Rue.® (76*19 and 60*32 respectively). 

The yield curve for the second year exhibits an increased 
skewness. The skewness of the curve for the first year has 
been measured and found to be *095, whereas for the second 
year it was *289. Though the skewness has increased in the 
second year, it is still not so marked as that for a mixed popu- 
lation, for which Whitby i® gives a coefficient of skewness 
of *575. 


Increase in Yield. 

The mean yield has risen from 2,249 grammes in 1921-22 to 
-,773 grammes in 1 922-23, an increase of 23 * 3 per cent. The 
increase in yield of each tree has been expressed as a percentage 
or the first year’s yield. It wa 5 found that Tree 109 had in- 
rease m yield by 70*7 per cent., whereas Tree 10(1 showed 
aecreaso of 33*6 per cent., between which limits aU the other 
percentage increases or dccreascvs fall. 

distribution of the percentage increase in 
given in Table 3, and represented graphically in Fig 3 
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Table 3. 


Frequency 
Percentage 
Increase. 

— 35 to — 26-1 

— 25 to — 15-1 

— 15 to — 5’ 1 

— 5 to + 4*9 . . 15 

-I- 5 to + 14-9 . . 24 

+ 15 to + 24*9 . . 30 


25 to -f" 34*9 , . 31 

4- 35 to + 44*9 .. 21 

+ 45 to + 54*9 . . 13 

+ 55to + 64*9 .. 3 

+ 65to + 74-9 .. 2 


Distribution of Percentage Inoreases in Yield. 

Percentage 
Frequency. | Increase. 

3 
6 
7 


F requQDCy, 


From Fig. 3 it will be seen that the most frequent increase 
in yield lies between 20 and 30 per cent . The mean percentage 
increase is 21 ’29 per cent., and the coefficient of variability has 
been calculated to be 96. This high coefficient of variability 
indicates that there is a much greater variability in percentage 
increase in yield than there is in actual yield. 



Fig. 3.— Frequency polygon for the percentage increase m yield. 

Since increase in yield exhibits great variabiWy.it wjil 
appear to bo important to determine : (1) whether ® , , 
which gave the highest yields in 1921-22 also 
yields in 1922-23 ; and (2) whether the highest yieldcrs li 
given the greatest proportional increases in yield. 
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The degree of relationship existing between the yield m 
1921-22 with that of 1922-23 is shown in Table 4. From this 
table the coefficient of correlation has been calculated to be 
•83 ± *017. This indicates that a very close relationship 
exists between the yielding capacity of a tree in one year with 
its capacity in the s^icceeding year, and that on the average 
the high yielders of one year are also high yielders the following 
year. That the rule is not absolute is shown by the coefficient 
of correlation being less than unity. Consequently, it is to be 
expected that a careful examination of the individual yield 
records will show that some trees, which in the first year 
might have been terftied high yielders, have during the second 
year of tapping become mediocre or even poor yielders. Such 
an examination was made, and the fact was revealed that Tree 
No 67 which gave the highest yield in 1921-22 had fallen to 
3rd place in 1922-23. Tree No. 48 fell from 21st place to 
119th, Tree No. 100 from 31st to 143rd, and Tree No. 161 
from 13th to 126th, and numerous other changes in the 
order of merit have occurred. Such changes would be ex- 
pected owing to the great variability exhibited by increase 
in yield. 

That the highest yielders have on the average made the 
greatest proportional increase in yield may be seen from Table 
5 showing the correlation between yield, 192 1 -22, and the per- 
centage increase in yield. The coefficient of correlation for. 
these characters has been calculated to be + *39 i *046 
which indicates a marked relationship between these 
characters . 


Thu trera of the plot may eonveniently be divided into three 
groups ■ (1) high-yielding, (2) medium, and (3) low-yielding. 
If approximately half the trees are planed m the medium gronp, 
the limits of that class can be defined by means of the probable 
error of a single result.* The trees outside this class and at 
the upper end of the range will then form the lugh-yielding 
S^up^Ll conversely those at the lower end of the 
fnrin the low-vielding group. This gives a convenient for 

S.™£.»n »;“h rfl b. l«j.™tly «li. 

pages in connection with other characters. . 

noted that the class limits arc obtained by c P j 
and that they are thus free from any bias duo to pefson 

selection. 

In 1921-22 the mean yield 
and the probable error of a single result ± 
medium class will, therefore, include all trees with yieldsly g 
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between 1,973 grammes and 2,625 grammes, the trees forming 
the low-yielding group are those with yields oi less than 1,973 
grammes, and the high-yielding group those having yiel^g 
greater than 2 ,. 525 grammes. From an examination of Table I 
it can be ascertained that there were in 1921-22, 43 trees in tie 
low-yielding group and 39 in the high-yielding group. A com- 
parison of the mean yield records of these two groups is given 
in Table 6 . 


Table 6 . 

Comparison of Low-yielding Group with High-yielding Group. 

Number Mean Yield. Moan Increase 

of Trees , ^ Increase as Percentage 

in Group. 1921-22. 1922-23. ^^21-22 

^ Yield. 

Grammes. Grammes. Grammes, Gramnics. 
Low Group . . 43 1,778 .. 1,945 .. 167 . . 9-3 ^ 1-74 

High Group. .'39 . . 2,779 . . 3,647 . . 868 .. 30-8 d; 2*42 

It will be seen from the foregoing table that the mean yield 
of the High Group in 1 922-23 has increased by a greater amount 
than has the mean of the Low Group, Moreover, the mean 
increase, in proportion to the 1921-22 yields, is greater in the 
High than in the Low-yielding Group, The difference 
between the percentage increase in yield of the High and Low 
Groups is 21 *5 d: - per cent. This difference is statistically 
significant, and indicates that the difference is real, and is not 
due merely to the variation of the percentage increases used 
in obtaining the averages. It may, therefore, be definitely 
concluded that, on the average, the trees which had the 
highest yields in 1921-22 have siiown the greatest increases in 
yield during the following year. The increases are greater, not 
only in nett amount, but also in proportion to the initial 
yields. 


Giuth. 

The frequency distribution of girth measurements made in 
1923 is given in Table 7, and is given in graph form in Fig. 
Here, as in the case of yield, the girth curves for 1921 and 
are given on the same ordinates. It will he noticed that 
distribution for 1923 resembles closely that for 1921. 
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Table 7. 

Frequency Distribution of Girth for 1923. 


Girth. 

cm. 

50 

55 

60 

65 

70 

76 

80 

85 

90 

96 

100 

105 

no 

115 

120 

125 


Frequency. 

1 

2 

1 

2 

4 

10 

11 

13 
23 
27 
20 

14 
11 

7 

6 

4 


The mean girth of tho 155 trees in 1921 was 80 ■ 1 ± -74 cm., 
and in April, 1923, it was 94 -1 cm. ± -79 cm. Themeaii had 
thereforOj increased during the two years by 14 1 cin. or 17 5 
per cent. The coefficient of variability in 1921 was 17 *0, and 
in 1923 it was 15*5, a quantity more nearly approaching the 
values given by Whitby (“) and la Rue («) for mixed popula- 
tions (14-8 and 14 -0 respectively). 


It is to be expected that those trees which had the 
girth in 1921 wiU still have the greatot prth in 192J, ana 
that, therefore, the coefficient of correlation between the 
of 1921 and 1923 should approximate + 1. The conelatim 
between the girth measurements of these years ‘s ®hown 
Table 8, and the coefficient of correlation has he® calcdaW 
to bo + -96 ± -006. This table has been inclined m the 
text to fflustrate the form of a 

degree of relationship exists between the ‘^har^ten concem^ 
It^ be noted that the figures are arranged ffiagona'ly 
the table, and are not scattered ei^^ad^^Sp Tnot 
area of tho table as is the ease where the relationsmp 
marked, cf. Table 38. 
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Incfease in Oirth. 

The increase in the girth has been calculated as a percentage 
of the 1921 girth. It was found that Tree 136 shows the 
smallest increase in girth, namely, 3 '5 per cent., and that Tree 
14 shows the greatest, 42 ‘ 6 per cent. The frequency distribu. 
tion is given in Table 9, and the frequency curve in Fig. 5. 



-Frocivioncy polygon, for po roe rife ago incroasci 
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Table 9. 


Frequency Distribution of Percentage Increases in Girth. 


Percentage _ 

Increase. Frequency. 


2*5 - 

5-4 .. 

1 

5*5 - 

8-4 . . 

5 

8-5 - 

11-4 .. 

17 

11*5 - 

14-4 .. 

26 

14*5 - 

17*4 .. 

42 

17-5 - 

20-4 .. 

23 

20*5 - 

23-4 .. 

10 


Percentage 

Increase. Frequency. 

23-5 - 26-4 . . 10 


26-5 - 29-4 7 . 

29-5 - 32-4 . . 7 

32’5 - 35’4 . . 1 

35 * 5 — 38 ’ 4 2 

38-5 - 41'4 !! 3 

4:1 -5 - 44-4 . . 1 


The mean value of these percentage increases in girth is 18 ‘ 1 
j- *397, and the coefficient of variability is 40 *5. The percent- 
age increase in girth, therefore, shows greater variability than 
does the actual girth. The relationship between these two 
characters in this r^pect resembles the relationship existing 
between yield and yield increase. ® 


It was shown in the previous Bulletin Hhat no correlation 
exists between the initial girth and the actual increase in girth. 
The coefficient of correlation for these characters for the first 
ten months of the experiment was found to be — *001 ± *053 
which is practically zero. The relationship between the same 
characters for the two years covered by this investigation ia 
represented by a coefficient of correlation of 4 - '08 ± *054 
which also closely approximates zero. It may therefore be 
concluded that the actual increases in girth of the smallest 
trees arc, on the average, equal to the actual increases shown 
by the largest trees. This indicates a tendency towards an 
•‘eyeningup ” in the size of the trees. This tendency is further 
demonstrated by the fact that the coefficient of variability 
*or the 1923 girths is smaller than that for the 1921 girths 
{15 *5 and 17 -0 respectively). 

It would appear that, if on the average the smaller tree^ 
show actual increases in girth equal to those of the initially 
larger trees, then the smaller trees must be growing at a propor- 
tionately greater rate. This conclusion may be reached by a 
study of the measurements of girth and percentage increase in 
gjith given by Fetch in a paper ’ on “ Girth Increment of 
evea brasiliensis,” where he records poor growth in the 
nitially largest tree and rapid growth in the initially small 
n ^ degree of relationship between the size of the trees 
of grow’tli may be represented by the 
thp correlation for the characters girth (in 1921) and 

percentage increase in girth (for the tw’o years under 
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observation). The correlation table for 

given in Table 10, from which the coefficient of mr 

been calculated to be - *40 + o7g 

trees which had the STnallest girth in April 1921^ 

on the average th. greatest mVea “in gh 

their initial size, and, Conversely, the laLeat to 

the smallest proportional increase. Thesl faets^ mlv “h® 

further illustrated by a classification of t^e tree Xlhre 

poups, VIZ., high medium, and low, the same pSe 

being employed as for yield. The low 

trees with girths of less than 70-9 cm. in Aprif’l92rcol!tiinf 

38 trees; the high group, consisting of tree^wWrgr 

greater than 89 -3 cm. in the same yLr, contains 37 ?rts 

For purposes of comparison the data concerning these two 
groups are given m Table 11. 6 oc bwu 


Table 11. 

Comparison of Girth Low Group with Girth High Group. 
Number G'rth. 

of Trees ^ ^ Inorease Increase as 

in Groun ^921. 1923 of Mean, percentage of , 

cm. cm. cm. » 921 Girth. 

Low Group .. 38 .. 61-7 .. 76-2.. 14-5 .. 23-4 ± l-oi 

High Group.. 37 .. 96’4 .. Ill '2 .. u-g .. 15. 4 .49 


From the foregoing table it is apparent that the mean 
increase m girth of the large trees is only 0 -3 cm. greater than 
that of the small trees. In proportion, however, to their 
initial size, the smaU trees have increased their mean rirth 
measurement by 23 -4 per cent, against 15 -4 per cent, of the 
arf trees The difference, 8 '0 ± 1 • 12 per cent., is statisti- 
cally significant, which indicates that the difference is real 

the ® variable measurements from which 

the result has been obtained. 


rea^ched foT’^i?^ compared with that 


Latex Vessel Rows. 

variout*tn“^^ tlie number of rows of lates vessels in the 
eMn^t difficulties were freouentlv 

rows to^theZ“*b° presence of interrupted or ill-defined 
variation, cf rows, and to the 
> n visibibty of ro^ m different specimens. Such 


Mculties 

6(30)83 
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measurements, into which the personal element 
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enters to a large extent, give rise to errors, compaonly known 
as personal errors. Such characters as girth, cortex thickness^ 
and yield are capable of exact measurement by instruments, 
and these measurements are consequently ^ot liable to personal 
errors of a magnitude as great as the error in the determination 
of the number of latex vessel rows. Precautions were there- 
fore taken to eliminate this error as far as possible ; three 
sections of each specimen of cortex were examined by each 
of the authors, and the average of the readings was taken as 
the correct determination of the number of rows of latex 
vessels present. 

Despite the precautions taken, it is improbable that the 
personal error was eliminated, but it may reasonably be 
concluded that it was considerably reduced. The presence 
of this error must be borne in mind when conclusions based 
on these determinations are considered. At the same time, 
from the nature of the precautions taken, the conclusions 
arrived at should not be vitiated to any great extent by the 
personal error. 

In the case of Tree No. 41 an actual error was discovered 
in the number of latex vessel rows recorded for 1921. Instead 
of 8 rows, as previously stated, the number is 15. This 
corrected figure has been applied in all calculations based on 
data for the 12 months, 1921-22, and the results obtained 
do not materially differ from those published in Bulletin 55. 


In Cortex at 2 Feet. 

The mean number of latex vessel rows in the cortex of the 
165treesat2Iectinl921wasll-3 ± 'ISS. In 1923themean 
number had increased to 19 '7 4- •257. The f requenj distn- 
bution of the neimbers of rows in 1923 is given m Table ^ 
During the two years the mean number of rows had increased 
bv 8 *4 4: '302, i.e,, by 75 per cent. It has previously been 
pointed out‘ that the ‘frequency curve in 1921 was approxi- 
mately symmetrical and departed from the normal c«rvc to a 
smaller extent than did the curve given by , , 

this character. In 1923 the curve is again approximately 
normal, and differs but slightly from the 1921 curve 
It has been calculated that the skewness for ^ 
was - -112 ± -066, and for the 1923 curve d- -114 ± 

The curve, in each case, can therefore be " ®ve 

From the data given by 

has been calculated to be -69 ± ’04, „„gentplo* 

able difference from the results obtained from P 
in either year. 
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Tabic 12. 

Frequency Distribution of Number of Latex Vessel Rows 
at 2 Feet in 1923. 


Number of Bows. 

10-11 



Frequency, 

5 

12-13 



7 

li-15 



19 

16-17 



20 

18-19 



26 

20-21 



26 

22-23 



22 

24r-25 



15 

26-27 



10 

28-29 



1 

30-31 



2 

32-33 



0 

34-35 



0 

36-37 



1 

38-39 



1 


There is a possibility of an annual variation in the number 
of latex vessel rows in the cortex. If there is a great variation 
in the rate of formation of new latex vessel rows, it is not un- 
likely that trees with few rows in one year may have numerous 
rows in a succeeding year. The relationship between the 
numbers of rows present in 1921 and in 1923 is shown in Table 
13, from which a coefficient of correlation of + -51 i ‘039 
has been obtained This indicates that on the average the 
trees which had the largest numbers of rows in 1921 again 
have the largest numbers in 1923. It will be noted that this 
coefficient of correlation is less than those found for Yield, 
1921-22 and 1922-23, and for Girth, 1921 and 1923. This would 
indicate that the number of latex vessel rows is not so constant 
a character as are Girth and Yield. 

Increase, in Number of IxUex Vessel Rows at 2 Feel. 

Though the mean number of latex vessel rows has increased 
during the two years under review, the increase has, by no 
means, heen uniform throughout the plot. No tree had fewer 
rows in 1923 than in 1921, though two trees showed no increase. 
The greatest increase was 23 rows. It is evident, therefore, 
that the trees have exhibited great variability as regards the 
number of rows which they have added during these two yearsj 
The variation which occurs in the rate of formation of new 
rows is clearly shown in Table 14, in which the increase ! 
expressed as a percentage of the number of rows presen ! 
192U This table is represented graphically in Fig. 7. 
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Fie:. 7.— Frequency polygon for percentage increase in number of latex 
vessel rows at 2 feet. 





Fig. 8.~Prequenoy polygon for number of latex vessel rows at 8 inches 
M <1 percentage of the number at 2 feet. 
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Table 14. 


Frecuenoy Distribution of Percentage Increases in Number of 

Latex Vessel Rows at 2 Feet. 

percentage Increase. 

0-19 

Frequency. 

8 

20-39 


16 

40- 59 


39 

60-79 


29 

80-99 


21 

100-119 


17 

120-139 


7 

140-159 


8 

160-179 


1 

180-199 


3 

200-219 


2 

220-239 


2 

240-269 


2 

260-279 


0 

280-299 


1 


It will be seen from Fig. 7 that more trees fall into the 50 per 
cent, group than in any other. The mean percentage increase 
may be calculated from Table 14 to be 82*5 ±2 '80 per cent. 
The curve is therefore skewed towards the lower end of the 
range (skewness — + *73). 

Since there is a considerable variation in the rate of increase 
in the number of latex vessel rows, it is necessary to determine 
whether the trees which had the largest number of rows in 
1921 have shown the greatest increase, i.e., whether there is 
any relationship existing between the initial number of rows 
and the rate of increase. In Table 15 is shown the relationship 
between the number of rows of latex vessels in 1921 and the 
percentage increase in the number of latex vessel rows during 
the two years. The coefficient of correlation for these charac- 
ters has been calculated to be — *51 i *04. From thU 
coefficient it is evident that on the average the trees which 
had the smallest number of rows in 1921 have made the 
greatest proportional increase, and those trees which had the 
largest number of rows initially have made the smallest 
increases. 

This fact may be further demonstrated by dividing the trees 
into three groups as was done for 3 rield. Trees which in 1921 
less than 10 rows constitute the Low Group, and those 
with more than 13 rqws form the High Group. A comparison 
of these groups, consisting of 39 and 36 trees, respectively, 
^ given in Table 16. 
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Table 16. 

Comparison of Latex Vessel Row Low Group with Latex 
Vessel Row High Group. 

Number Mean Number ol t 

of Trees Latex Vessel Kowa. I'^crease ^ 

in Group. , a l!* of Mean. 

1921. 1923. of 1921 Number. 

LowGroup.. 39 .. 7*7 .. 16-9 .. 9-2 .. 126 ±7.36 
High Group.. 36 .. 15*4.. 23-5.. 8-1.. 53 ^ 3.10 

From the above table it is evident that the mean number of 
latex vessel rows of the Low Croup has increased by 9 2 
whereas that of the High Group has increased bv 8-1 Tho 
difference here is very small. The mean percentage increase 
of theLowGroupis howevmr, 126 ±7-36 and that of the Hi| 

n Wh e t enee 73 ± 8 -01 per cent, is large 

and should be taken as signiflcant. Consequently, trees in the 
Low Group have produced proportionately more latev veoooi 
rows than trees of the High Group. 

Here then, as in girth the Low Group shows a greater per- 
centagc increase than the High Group, and in this; both tCe 
characters differ from yield. i-uese 


Number of Latex Vessel Rows at 8 Inches, 

The frequency distribution of the number of latex vessel 
mw in the cortex at 8 inches from the ground is rivTk 
Table 17, and represented graphicaUy in Fig, 6. ^ ^ 


Table 17. 


Frequency Distribution of Number of Latex Vessel 
Rows at 8 Inches in 1923. 


Rows. 

10-n 

12-13 

14-15 

16-17 

18-19 

20-21 

22-23 

24-25 

8(30)23 


Frequency. 

Rows. 

2 

26-27 

7 

28-29 

11 

30-31 

18 

32-33 

33 

34-35 

31 

36-37 

21 

38-39 

9 



Frequency. 

7 

1 

2 

0 

1 

1 
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The mean number of latex vessel rows in the cortex at 8 
inches was found to be 20*4 i *258, This number is greater 
than that found for the cortex at 2 feet by * 7 i ’ 36, a quantity 
which is statistically insignificant. In some trees there were 
more rows in the cortex at 8 inches than at 2 feet, the greatest 
increase being 8 rows ; other trees showed fewer rows at 8 
inches than at 2 feet, the greatest decrease being 4 rows. The 
relative values of these differences are best shown, when the 
number of latex vessel rows at 8 inches is expressed as a per- 
centage of the number at 2 feet. (Table 18 and Fig. 8.) 


Table 18, 

Frequency IHstribution of Number of Latex Vessel Rows at 
8 Inches as a Percentage of the Number at 2 Feet. 


Percentage. 
77*5- 82*4 
82-5- 87*4 
87-5- 92-4 
92*5- 97*4 
97 -5-102 *4 
102-5-107-4 
107-5-112-4 
ll2'5-117-4 


Frequency- 

2 

6 

11 

17 

38 

25 

24 

16 


Percentage. Frequency. 
117-5-122-4 7 

122-6-127-4 3 

127-5-132-4 . . 2 

132-5-137-4 2 

137-5-142'4 .. 1 


177-6-182-4 1 


It will be seen from the above table that the greatest number 
of trees fall into the group 97 * 5 — 102 • 4 per cent. , the mid point 
of which is 100. This class contains all the trees in which the 
number of rows in the cortex at 8 inches does not differ from 
the number in the cortex at 2 feet by more than 2 J per cent. 
The mean percentage has been calculated to be 104-8 i ‘67. 

It is evident, therefore, that the mean number of latex 
vessel rows in the cortex at 2 feet and at 8 inches above ground 
level is approximately the same. Any increase m ^eld 
obtained as tbe tapping cut descends the tree cannot, there- 
fore, be ascribe<l solely to the presence of an increasing number 
of latex vessel rows on descending. This will again e 
referred to in Part III. 


CoBTEx Thickness. 

The frequency distribution of cortex tluckness ^ 
2 feet from ^ound level is given in Table 10, and rep 
graphically in Fig. 9. 
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Table 19. 

Frequency Distribution of Cortex Thickness at 
2 Feet in 1923. 


Thickness. 

mm. 

Frequency. 

Thickness. 

mm. 

Frequency. 

4-0 

1 

7-5 

39 

4-5 

0 

8*0 

18 

6'0 

1 

8-5 

13 

5*5 

11 

9*0 

3 

60 

.. ,13 

9*5 

2 

6-5 

25 

10-0 

1 

7-0 

27 

no’6 

1 


The mean thickness of the cortex at 2 feet from the ground 
of the 155 trees was 5*64 ± *051 mm. in April, 1921. In 
April, 1923, the mean thickness was 7 ‘18 £ -054 mm., which 
represents an increase of 1 ‘54 mm. or 27 ‘3 per cent. 

That the trees which had the greatest cortex thickness in 
1921 had also the greatest thickness in 1923 may be seen from 
Table 20. From this table the coefficient of correlation has 
been calculated to be + ‘86 i *014. Cortex thickness is 
therefore a stable character. 

The frequency distribution of cortex thickness in 1923 at 
8 inches above ground level is given in Table 21, and is repre- 
sented graphically in Fig. 9. The similarity of the curves in 
Fig. 9 is marked, and indicates no change in the variability of 
the character. 


Table 21. 

Frequency Distribution of Cortex Thickness at 8 Inches 
in 1923. 


Thickness. 

mm. 

4*0 

4-6 

5*0 

6-6 

60 

6*5 

7-0 


Frequency. 

2 

2 

R 

13 

22 

40 

31 


Thickness. 

mm. 

7- 5 
80 

8- 5 

9- 0 
9-5 

10-0 


Frequency. 

18 

U 

5 

1 

0 

1 


At 8 inches from the ground the mean thickness of the 
cortex in 1923 was 6 *65 ± *053 mm., which is ‘63 ± 
or 8*8 per cent, less than that at 2 feet. The din 





Coefficient of correlation :?= + *86 ± »014. 
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• 63 mm. is more than 8 times as great as its probable error, and 
may be considered to be significant. On the average, there- 
fore, the thickness of the cortex is greater at 2 feet than at 8 
inches. All measurements refer to the thickness of the living 
cortex excluding the dead bark scales. It is possible , therefore, 
that the greater thickness at 2 feet is due to the more rapid 
scaling of the bark at 8 inches. At the same time it should 
be pointed out that the root cortex is thinner than the stem 
corteXf and the influence of the root system on the lower 
portions of the stem would, therefore, tend toward the forma- 
tion of thiimer cortex in this region. 

Increase in Cortex Thickness. 

The increase in cortex thickness at 2 feet is best considered 
when expressed as a percentage of the initial thickness in 1921. 
An increase in cortex thickness (say , 1 mm . ) made by a thin 
cortex represents a proportionately greater increase than 
does the same amount made by a thick cortex. The propro- 
tional increase in cortex thickness has been calculated for each 
tree, and the frequency distribution is given in Table 22, and 
represented graphically in Fig. 10. 



Fig. 10.— Frequency polygon for peroentag© inorcaae m cortex thicbie^ 
^ at 2 feet. 
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Table 22. 

Frequency Distribution of Percentage Increases in Cortex 
Thickness. 


Percentage Increase. 

7 - 5 - 12’4 
12 - 5--17 
17 * 5-22 
22 * 5-27 
27 * 6 - 32 - 
32*^37 
37 * 5-42 
42 * 5-47 
47 * 5-52 
62 * 5-67 
57 * 5 - 62 ' 


Frequency. 

8 

21 

24 
32 

25 
16 
16 

6 

4 

2 

1 


It may be calculated from Table 22 that the mean increase 
in cortex thickness is 27-5 ± -572 per cent. From Fie 10 
it will be seen that the approximate mode is at 25 per cent, 
i.e., less than the mean, and consequently the curve is skewed 
slightly towards the lower limit of the range. 

The coefficient of variation for the percentage increase in 
cortex thickness is 38-4, whereas the coefficient of variation 
for actual cortex thickness at 2 feet is 1 3 ■ 9. The variation in 
increase of cortex thickness is greater than the variation shown 
in the actual measurements of thickness itself. 

Is there any relationship between the initial cortex thickness 
and the percentage increase of cortex thickness "> Have 
those trees, which originally had the thickest cortex at 

fn S *7 amount in proportion to their 

imtial thickness ? These questions may be answered bv 
meaiM of the coefficient of correlation for these characters for 
wbch the correlation table is given in Table 23. The’co- 

efficient of correlation has been calculated to be — -47 + -(ua 

S tTrt “Ceased by smaller amounts, in propor- 

IXl ^ thickness, than have the inltiaUy tMl^er 

tehiess*of according to the 

hadcortices^hickertl^^^o 

approximatinv thi^ ''cmaniing trees have cortex thickness 

for the plot. The 

able 24. ^ extreme classes are pven in 
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Table 24, 

(Comparison oi Cortex Thickness Low Group with Corbex 
Thickness High Group. 

Mean Cortex Thickness. Mean Percentage 

\ Difierenoe. Increase in 
1921. 1923. Thickness. 


mm. mm. mm. 

LowGroup .. 4'4 .. 6-0 .. 1-6 36-2 ± 1-24 

HighGroup .. 6-9 .. 8-3 .. 1-4 .. 20-9 ± -79 

Though the mean cortex thickness of both groups had 
increased by approximately the same amount, the trees with 
the thinner cortex have increased their measurements by 
3^*2 i 1 ’24 per cent., whereas the increase of the trees with 
the thicker cortex is 20*9 ± '79 per cent. The difference 
15 ’3 ± P®r is 10 '4 times as large as its probable 
error, and is consequently significant. 

It should be noted that the relationship between cortex 
thickness and percentage increase in cortex thickness is similar 
to that between girth and percentage increase of girth, and to 
that between number of latex vessel rows and percentage 
increase. 

Renewing Cobtex, 


In estate practice tapping is begun at a height of 2 feet, 
and is continued down to the base of the tree. From this 
point the cut is changed to the other side of the tree, and again 
is continued down to the base. When there is no untapped 
cortex left in this region, tapping has to be carried out on 
cortex which has been previously tapped, and naturally the 
cut is placed on that portion of the cortex which has had the 
longest time for regeneration. This regenerated cortex is in 
practice termed “renewing cortex,’' and on its character will 
depend the future yield of the tree. The period allowed for 
this regeneration is usually 8 to 10 years, and depends on the 
system of tapping adopted. The time necessary for complete 
regeneration has been arrived at empirically, generally on 
estate experience of the rate of increase in thickness of the 
renewing cortex, or of the yields obtained from reqpwing 
cortex of various ages. Exact information is therefore 
desirable as to the rate of renewal, the character of the renew- 
ing cortex, its similarity to the untapped cortex, and its yield 
as compared with that of the untapped cortex preceding it. 
This last point cannot yet be dealt with in the present experi- 
ment, as tapping will not be commenced on the renewing 
cortex tin about 1929. The other points, however, are discussed 
below. The specimens of renewing cortex examined here had 
had two years for i^generation. 

6(30)23 
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Thichmss, 

The frequency distribution of the measurements of the 
thickness of the renewing cortex at 2 feet in 1923, are 
given in Table 25, and represented graphically m Fig. 9. 


Table 25. 


Frequency Distribution of Renewing Cortex Thickness 
Measurements. 


Thickness Frequency. 


Thickness. 

mm. 


Frequency, 


310-3-39 .. 

3 

3*40-3*69 .. 

8 

3*70-3*99 .. 

9 

4*00-4*29 .. 

13 

4-30-4-69 .. 

22 

4'6(M*89 .. 

35 


4- 90-5-19 28 

5 - 20-5 -49 .. u 

5-50-5-79 .. 9 

5-80-6-09 8 

6*10-8*39 .. 6 


The mean thickness of the renewing cortex was 4 -74 i -037 
nun., the greatest thickness being 6 "3 mm., and the least 3*2 
mm. The coefficient of variability (14 '3) is similar in magni- 
tude to that of the untapped cortex at 2 feet (13 -Q). In Pig. 9 
the resemblance between the frequency polygon for the 
renewing cortex and those for the untapped cortex at 2 feet 
and at 8 inches will be noticed. It will also be seen that the 
renewing cortex has not yet attained the thickness of the 
untapped cortex for 1921. 

The renewing cortex thickness expressed as a percentage of 
untapped cortex at 2 feet in 1923 is given in Table 26. From 
this it wiU be seen that the lowest nine trees have renewing 
cortex of lialf the thickness of their untapped cortex, and the 
highest tree has the former approximately equal to the latter. 


Table 26. 

Frequency Distribution of Renewing Corto Diickness as a 
nf TTntaoDed Cortex Thickness. 

Frequency. 


Percentage. 
47*5 62*4 
52*5-57*4 
57*6-62*4 
62*5-67*4 
67*6-72*4 


Frequency. 

Percentage. 

9 

72*6-77*4 .. 

20 

77*5-82*4 .. 

26 

82*6-87*4 .. 

33 

87*6-92*4 .. 

28 

92*5-97*4 .. 


19 

7 

5 

1 


The mean of the foregoing frequency f ej: 

•54 per cent., and this indicates that on the »|«rage 
ing cortex, after two years' growth, has attamed two ttiira 
the thickness of the adjacent untapped cortex. 
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The relationship between the thickness of untapped cortex 
and of renewing cortex is shown in Table 27, from which a 
coefficient or correlation of 4* *424; ‘^^45 was obtained. This 
indicates that the trees with thick untapped cortex tend to 
produce a thick renewing cortex. This is somewhat to be 
expected, as it has already been shown that those trees which 
had the thickest cortices in 1921 had on the average the 
thickest cortices in 1923. It would appear evident, therefore, 
that thickness of cortex is an inherent character, which deter- 
mines not only the thickness of the untapped cortex, but also 
that of the renewing cortex. 


Number of Latex Vessel Bows. 

The number of latex vessel rows found in the renewing 
cortex of each tree is given in Table 1. The frequency distri- 
bution for this character is given in Table 28, and represented 
graphically in Fig. 6. 

Table 28. 


Frequency Distribution of the Number of Latex Vessel Rows 
in Renewing Cortex, 


Number of Latex 
Vessel Rows. Frequency, 


8-9 

lo-n 

12-13 

14^15 

16-17 

18-19 

20-21 

22-23 


2 

6 

15 

21 

22 

23 

30 

21 


Number of Latex 
Vessel Rows. Frequency. 

24-26 . . 8 

26-27 . . 2 

28-29 . . 4 

30-31 . . I 


40-41 


It will be noticed that there is one outstanding te (1>ee 
No. 41) with 41 rows. This tree has 10 rows more than the 
next best tree, and 22 more than the average (the mean bcu^ 
18*6 4: *249 rows). The polygon representing the frequency 
distribution (Fig. 6) closely resembles those for the number oi 
rows at 2 feet and at 8 inches in the untapped cortex. 


The mean number of rows of latex vessels in the i . 
cortex at 2 feet in 1923 was 19*7 ± -267. wbchisonly l^ 
*36 greater than the mean number in the renewing 
This quantity, however, is not statisticaUy significant,^ 
may, hereto, be concluded that the mean n^ber 

vesselrows in therenewingcortex.aftertwo years r g 

is equal to that of the untapped cortex. 



{ 37 ) 

The proce^ of renewal may , however, result in the formation 
of a renewed cortex differing considerably from the untapped 
cortex, and any change would probably affect the number of 
latex veasd rows present. It is therefore of interest to deter- 
mine whether those trees which had the greatest number of 
latex vessel rows in the untapped cortex maintain this position 
in regard to th^ renewing cortex. The coefficient of correla- 
tion betw^n the number of latex vessel rows in the untapped 
cortex at 2 feet, and m the renewing cortex at 2 feet in 1923 
(Table 29), is '69 ± *028 which indicates a decided relation- 
ship between these characters. The trees, which on the 
average have the greatest number of latex vessel rows in the 
untapped cortex, also have the greatest number in the renewing 

cortex. ® 

Evidently, the number of latex vessel rows is an inherent 
character. Those trees which had the greatest number in 
1921 have the greatest number in 1923 and also have the 
greatest number in the renewing cortex, the number being 
determined by the character, ® 


PART II. 

It has already been shown that considerable variation 
easts in the yielding capacity of the trees under investigation, 
further those trees, which gave the highest yields during the 
fust y^r of tapping, have on the average given the highest 
yields during the second year, and similarly with girth, cortex 
tbickneM, and number of latex vessel rows in the cortex at 
- tot above ground level. It has also been established for 
;! the trees giving the highest yields 

veavl " greatest girth, most numerous latex 

VM^l rows, and thickest cortex. In other words the character 
S the characters— girth, number of latex 

Sa?r’ thickness. The question naturally 

Z J established for the first 

pping still hold good for the second year. 


some *'''® y“rs of tapping 

Proportionatol ^ increased m cortex thickness, girth, &c., by 
C Cf other trees. Have 

increase in greatest proportionate 

PWportionaK^jrelS'ilST’ the greatest 
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The followi?ig pages are ^eyoted to the elucidation of such 
problems. Definite information on these points will be of 
value in the selection of best yielding trees, and may have some 
influence on general estate practice. 


Yield. 

The coefficient of correlation between yield for 1921-22 and 
yield for 1922-23 is + '83 ± *017. This indicates that 
generally the high-yielding trees of 1921-22 are also theh^h- 
yielding trees of 1922-23, and the low-yielding trees continue 
to give low yields. In so far as jdeld may be termed a physio- 
logical function of the tree — ^it is, inde^, a response to the 
stimulus of wounding — ^it may be treated as a character of the 
tree and the constancy exhibited by it for the two years under 
review is good evidence as to its inherent nature. 

Certain relationships were established between yield and 
other characters in 1921-22 in a previous publication \ and 
for convenience these are tabulated below, and may be com- 
pared with the corresponding relationships determined for 
1922-23 

Table 30. 


Coefficients of Correlation between Yield, 1922-23, and 
Other Characters. 


Other Characters. 


Coefficients, 

1921-22, 


Yield, 1921-22 . . — 

Girth, 1923 . . + '58 *035 

Cortex thickness, 2 feet, 1923 + *42 ^ -044 
Number of latex vessel rows, 2 
feet, 1923 . . + *46 d: ’042 

Number of latex vessel rows, 
renewing cortex , . — 

Thickness, renewing cortex . . — 


Coefficients, 

1922-23. 

+ *83 ± *017 
.. + *56 ± *037 

.. + *36 i '047 

+ *38 d: '046 

.. 4* ‘36 i *047 

•• + ;34 ± *048 


The relationships between the characters in the foregoing 
table have, as wiU be seen, remained practically constant for 
the two years. It should be noted that the coefficient of 
correlation with girth is higher, and remains more nearly 
constant than do the coefficients for cortex thickness and 
number of latex vessel rows. Accordingly, as an indirect 
measure of yield, girth is a more accurate and reliable character 
than are cortex thickness and number of latex vessel 
rows. The differences between thecoefficienta for 1921-22 and 
1922-23 are: girth ‘02 ± *051, cortex thickness *06 ± *064, 
latex vessel rows '08 di '057 ; none of which is significant. 
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The coefficients of correlation between yidd and the new 
oharaoters— thickness and number of latex v^el rows of 
renewing cortex— have been calculated (Tables 31 and 32 res- 
pectively), and are given in Table 30, It is noteworthy that 
the relationship between yield and numwr of late vessel rows 
in the renewing cortex is as close as that existing between 
yield and number of latex vessel rows in untapped cortex. 
A HiTytilflT* relationship exists between yield and thickness of 
untapped cortex and yield and thickness of renewing cortex. 
The relationships, therefore, between yield and characters of 
untapped cortex are not altered in degree in the succeeding 
renewing cortex. 

Girth. 

It was shown in a former Bulletin* that the character girth 
was interrelated, not only with yield, but also with the 
characters, cortex thickness and number of latex vessel rows. 
The coefficients of correlation for these characters, obtained 
from measurements made in 1921, are repeated in Table 33 to 
faciUtate comparison with the coefficients obtained from the 

1923 measurements. ^ 

Table.33. 

Coefficients of Correlation between Girth, 1923, and Other 
Characters. 

Coeffioienta. 

Other Characters. 

Girth, 1921 

Yield, 1922-23 • • 

Cortex thickness, 2 feet, 1923 
Number of late vessel rows, 

2 feet, 1923 


1921-22. 


•68 ± 
•63 ± 


•035 

•032 


1922 - 23 . 

+ *95 ± 
+ -56 ± 
-i- '56 ± 


■037 

•037 


+ ‘40 ± ‘046 + *llx ‘951 

From the above table it will be seen that though in 1921 
there was a decided relationship between girth and number o 
latex vessel rows, the same relationship is not shown by the 
1923 measurements. The relationship between girth and 
cortex thickness has, however, remained constant. 

Latbx Vesstsl Rows. 

The correlation table for number of late vessel 

from 11 -3 rows to 19 -7 rows in the penod * 

then have these various incre^ in the mdi^d ^ 
plot affected the degree of relationship of this cn 
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other characters as compared with the previous year ? For 
ready comparison the coefficients of correlation between 
number of latex vessel rows and other characters for the years 
1921 and 1923 are set down side by side in the following 
table : — 

Table 34. 

Coefficients of Correlation between Number of Latex Vessel 
Rows, 1923, and Other Characters, 


Other Characters. 


Number of latex vessel rows, 
2 feet, 1921 
Yield, 1922-23 
Girth, 1923 

Cortex tliickness, 2 feet, 1923 


1921-22, 


Coefficients. 


1922-23. 


.. + -54 ± 039 

+ *46 ± -042 . . + *38 ± *046 

-f *40 ± -046 . . + 'll ± -064 

+ -34 ib *047 . . 4- ± *053 


The coefficient of correlation between number of latex 
vessel rows and yield has dropped slightly in 1923, but remains 
of the same order of magnitude as in 1921, and the relation- 
ship of these two characters is, therefore, unchanged. 

In the cases, however, of girth and cortex thickness, there 
IS a decided drop in 1923 in each coefficient. While in 1921 
these coefficients indicated a small but definite correlation 
between these characters and the number of latex vessel rows 
m 1923 these coefficients do not indicate any decided 
relationship. 


Cortex Thickness. 

Tie relationships of cortex thickness with other characters 
have been discussed in the preceding paragraphs under the 
characters concerned. The following table brings together the 
various coefficients of correlation to facilitate comparison •— 


laoie 6b. 

Coefficients of Correlation between Cortex Thickness, 1923, 
and Other Characters. 


Other Characters. 

Cortex thickness, 1921 
Yield, 1922-23 
Girth, 1923 


Coefficients. 


1921-22. 

+ *46 ± *044 
-h *63 ± -032 


1922-23. 

+ *86 ± -014 
■f *36 4: *047 
-f *66 i -037 


+ -Sii '047 + -Ui -063 
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Renewing Cortex, 

It has already been shown that those trees, which had the 
thickest untapped cortex, have on the average produced the 
thickest renewing cortex. Also those trees which had the 
largest number of latex vessel rows in the untapped cortex 
have on the average the largest number in the renewing 
cortex. The coefficients of correlation for these characters 
are for convenience given in the following table, together with 
the coefficients for other relationships of the characters oi the 
renewing cortex ; — 

Table 36. 

Coefficients of Correlation between Characters of Renewing 
Cortex and Other Characters. 

Other Charactera. Renewing Cortex. Coefficients. 

Yield, 1922-23 .. Thickness .. + ■U± -048 

Do. • • Number of latex vessel 

rows . . ‘39 i *049 

Cortex thickness, 2 feet, 

1923 . . Thickness ■ . + *42 + >045 

Number of latex vessel 
rows, 2 feet, 1923 . . Number of latex vessel 

rows • • + '69 i '028 

Renewing cortex thick- 
ness .. do- .. + ’ili '045 


From the foregoing table it will be seen that the relationship 
between the thickness of the renewing cortex and yield is the 
same as that between thickness of untapped cortex and yield 
{-f *36 ib ’047). The relationship between the number of 
rows of latex vessels in renewing cortex and yield also is 
similar to that between number of latex vessel rows in untapped 
cortex and yield (-]- ‘38 ± '047), These facts are additional 
proof of the statement already recorded, that the rene^nng 
cortex does not differ in character from the untapped cortex 
which preceded it. The coefficient of correlation between 
numberof latex vessel rows inrenewing cortex and muntappea 
cortex is considerably higher than that between thic ness o 
renewing and untapped cortex, and infficates a coiT^po 
dingly closer resemblance. Cortex thickness i , 

would I)C affected by the rate of exfoliation of dead bwk ^ - 
a factor which would not affect a count of latex ve.bel 
to the same extent. At the same ti^e it 
unlikely that latex vessel rows are ^*d*lownat fa yd ^ 
intervals, the total number present in ‘he cortex tang 
ent on the character of the ig an inker®"* 

the number of latex vessel rows m the ? sorter, 

character exhibited by both renewing and untapped c 
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* The relationship between the thickness of the renewing 
cortex and the number of latex vessel rows which it contains 
(Table 37) corresponds to that determined for these characters 
in untapped cortex in 1921 (-1- ‘34 ± differs, 

however, considerably from the relationship in untapped 
cortex in 1923. It should be noted here that the latex vessel 
rows in the renewing cortex are much more distinct than in 
untapped cortex, and a count is, therefore, not liable to such a 
great personal error. 

Relatiokship between the Peopoehonal Inceeases 
IN Yield and in Otheb Cbabaoters. 

It has already been shown that high yield is interrelated 
with big girth, numerous latex vessel rows, and thick cortex. 
It has sdso been indicated that there is considerable variation, 
not only in the actual quantities by which the yield of indivi- 
dual trees have increased during the second year of tapping, 
but also in the proportion that quantity bears to the first 
year’s yield. In the second year the yield of some trees 
increas^ by more than 60 per cent, of their first year’s yield, 
others have shown decreases, and some have remained constant. 
Variations have also occurred in the proportional increases in 
girth, number of latex vessel rows, and cortex thickness. 

It would appear to be of some importance, therefore, to 
determine whether a change in yield has been acconipanied 
by a corresponding change in g&th, number of latex vessel 
rows, or cortex thickness. If a change in one character results 
in a corresponding change in another, it indicates that these 
characters are closely interlinked, and that any factor affecting 
one character will affect the others by a corresponding amount 
owing to the interlinking. 

The true value of a change in a character Ls best measured 
by representing the increase or decrease as a percentage of the 
ini tial measurement. It is possible, therefore, by correlating 
percentage increase in yield with percentage increases in other 
characters, to determine whether yield is interlinked— and the 
extent of the interlinking — with these characters, and whether 
any relationship found between yield and other characters may 
be due to conditions other than the close interlinking of the 
characters. 

In Table 38 the proportional increase in yield is corrclatod 
with the proportional increase in girth, and a coeftcien o 
correlation of + ’03 ± -054 has been obtained. This iot- 
cates that a change in yield, on theaTerage.is no( accompanieii 
by a corresponding change in girth. 
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Similarly the percentage increase in yield has been correlated 
with the percentage increase in the number of latex vessel rows 
at 2 feet (Table 39) and with the proportional increase in latex 
vessel rows on descending the tree from 2 feet to 8 inches 
/Table 40). The coefficients of correlation for these characters 
were found to be 4- '16 ± '052and+ -14 i ’053, respective- 
ly The interlinking of yield with number of latex vessel rows, 
as indicated by these coefficients, is neglible, the change in 
number of latex vessel rows, whether measured at 2 feet or by 
descending the tree to 8 inches, being unaccompanied by any 
decided change in yield. 

Since a proportional increase in the number of latex vessel 
rows does not result in a corresponding proportional increase 
in yield, it is unlikely that this relationship exists between 
percentage increase in yield and percentage increase in num- 
ber of latex vessel rows in renewing cortex, and that this is 
the case is shown by the coefficient of correlation between 
these characters + '024 i '054. 

The coefficient of correlation between percentage increase 
in yield and percentage increase in cortex thickness (Table 41) 
is -f '16 i *053, while for percentage thickness of renewing 
cortex it is -j- *11 i ‘054. As the first coefficient indicates 
no relationship, it would be expected that no relationship 
would be indicated by the second coefficient, and this is the 
case. 

The coefficient of correlation betw^een percentage increase 
in yield and that of other characters are brought together in 
Table 42 to facilitate comparison. 


Table 42. 

Coefficients of Correlation between the Percentage Increase in 
Yield and the Percentage Increase in Other Characters. 

Other Character?. Coefficients, 

Girth .. + -03 ± -054 

H^umberof latex vessel rows, 2 feet . . -f ‘ 15 i '652 

Number of latex vessel row^ descending from 2 
feet to 8 inches , . - . + '14 d: ‘653 

Number of latex vessel rows, renewing cortex . . -f *02 + *054 
Cortex thickness, 2 feet .. .. -f '16 ± *053 

Renewing cortex thickness + 'U i '054 

6(30)23 
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Kblationship between the Proportional Increases u? 

Girth and in Other Charaotees, 

Since a change in yield is not accompanied by equivalent 
changes in other characters, it is important to determine 
whether these other characters are interlinked to any extent 
amongst themselves. 

The relationship between percentage increase in girth and 
percentage increase in number of latex vessel rows is shown in 
Table 4l The coefi&cient of correlation between these 
characters is + '6^ iz '^38, and this indicates a close relation^ 
ship. Accordingly, a proportional increase in girth ig 
accompanied by a proportional increase in number of latex 
vessel rows. Any factor, therefore, affecting the one character 
on the average affects the other to an equivalent degree and 
in the same direction. 

The relationship between percentage increase in girth and 
percentage increase in cortex thickness is shown in Table 44. 
Here again the coefficient of correlation + *40 ± *046 indicates 
a close relationship between these characters. An increase in 
girth, therefore, is accompanied by not only a proportional 
increase in number of latex vessel rows, but also by a propor- 
tional increase in cortex thickness. 

The coefficients of correlation between percentage increases 
in girth and other characters are given below in Table 45 

Table 45. 

Coefficients of Correlation between Percentage Increase in 
Girth and Percentage Increase in Other Characters. 

Chrtracterg. Coefficients. 

Number of latex vessel rows, 2 feet . . + -oS i ’038 

Cortex thickness, 2 feet . . t 'tO i -045 

Yield .. .. + *0:3 ±'054 

Relax 10 NS HIP between the Proportional Increases is 
Number of Latex Vessel Rows and Other 
Characters. 

The remaining relationship to bo investigated between the 
percentage increases of characters is that between the percent- 
age increases in cortex thickness and in number of latex vesse 
rows. The relatioaship between these characters is 
Table 46. The coefficient of correlation is ± A / 
indicating a relationship, though not a very decided on » 
between these characters. 
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The coefficients for the varioua relationships between 
percentage increase in number of latex vessel rows and 
percentage increase in other characters are collected in Table 
47 below : — 


Table 47. 

Coefficients of Correlation between Percentage Increase in 
Number of Latex Vessel Rows and Percentage 
Increase in Other Characters. 


Other Characters. 

Girth » 

Cortex thickness 2 feet 
Yield ♦ 


Coefficients, 

+ *55 i -038 
+ • 30 ^ ‘ 049 
+ ’15± ‘052 


Relationship between the Pkopobtionax Increases m 
Cortex Thickness and Other Characters. 

The relationships between percentage increase of cortex 
thickness and other characters have already been discussed 
in the preceding sections, but for convenience of reference and 
comparison the various coefficients are collected in Table 48. 

Table 48. 

Coefficients of Correlation between Percentage Increase in 
Cortex Thickness at 2 Feet from Ground Level and 
Percentage Increase in Other Characters. 

Ot her Charactera. Coeffieienta. 

Girth . . . . + -40 i: -045 

Namljer of latex vessel rows, 2 feet . . + -30 i '049 

Yield .. ■■ L-iei-Osa 

From the foregoing table it will be seen that a closer 
relationship exists between percentage increases in cortex 
thickness and girth than in the case of the other characters 
mentioned in the table. 

Interlinking of Characters. 

A study of the foregoing paragraphs on rclationslups 
discloses the remarkable fact that though actual yield is relate 
to actual girth, number of latex vessel rows, and cortex tluck- 
ness, changes in yield are not accompanied by corresponding 
changes in those characters. On the other hand, not only is 
there a close relationship between these characters (exclu g 
yield), but also changes in one are accompanied by correspon • 
ing changes in the others. This indicates that , 

of latex vessel rows, and cortex thickness are clos y _ 
linked ; any factor affecting one results in a correspon s 
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the percentage increases in yield and girth is too small to denote 
any real oonelation between these characters. It is evident 
therefore that the age factor resulting in an increase in the 
length of the tapping cut and m the number of rows of latex 
vessels cannot be the mam cause determining increase in vield 
Tta conclusion IS supported by general observations on 
estates to the effect that a reduction in yield occurs when the 
tapping out IS changed over from the base to the opposite side 
at a higher level. Such a change over results in a slight 
decrease m the length of the cut, but not in a decided decrease 
in the number of latex vessel rows tapped. 

The change over of the tapping cut from the base to a higher 
level on the other side of stem is made in one step. The sLrt 
interval of time occupied by the change over may b 4 considered 
as instantaneous with regard to any effect of the age factor 
on yield. The age factor, therefore, does not enter into any 
comparison of the yields obtained before and after the change 
over. It has already been shown, however, that a decrease 
in the length of the tapping cut is not accompanied by a 
correspondmg diminution in the yield. The decrease in yield 
on changing over cannot be due to age, to shorter tappino 
cuts, nor to the tapping of a diminished number of late^ 
vessel rows. 

It has not been possible to determine any relationship 
between the increase in yield obtained as the tapping 'cut 
descends the tree and increases in measurements of other 
characters investigated . 

The explanation of the increase in jheld as the tapping cut 
descends the tree and of decrease in yield on changing over 
from the base to a higher level must be sought in other direc 
hons. It may be suggested that other factors may have 
some influence on this phenomenon, such as greater pressure 
within the latex vessels at lower levels, differences in viscosity 
01 the latex and diameter of the latex vessels, or other anato- 
mical or physiological characters. 

It would, therefore, appear that the lower portion of the 
higher yielding, and that there is a steady 
ev inf “ ■'*“ height from ground 

reflteTin tT' Phtpenence gained in estate practice has 

possible m f fhc tapping cut to the lowest 
P ssible portion of the .stem eompatilile with the system of 

o cement with estate experience on this point, 
rp. Growth. 

in SIf f in height, 

6(30)23 branching, and generaUy in increase in 
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size. » Of these, girth is the most easily measured character 
and in trees growth is usually me^uxed by the girth. ( 
rapid increase in girth denotes rapid growth, The annual 
increase in girth is a measure of the amual growth, and if this 
is expressed as a percentage or proportion of the initial measure- 
ment, a measure of rate of growth is obtained. A small tree, 
for example, of which the girth increases by 2 inches in one 
year, is growing proportionately more rapidly than a larger 
tree with the same increase, and therefore shows a higher 
growth rate. 

It has been shown in Table 1 1 that the nett increase in girth 
of the smallest trees is on the average equal to that of the 
biggest trees, but that in proportion to their initial size the 
smallest trees have made the greatest growth. 

The relationship between initial girth and percentage 
increase is represented by the coefficient of correlation — -40 
± -046 (Table 10), which indicates that the trees which had 
the smallest girth in April, 1921, have made the greatest 
proportional increase in girth. The smallest trees are, there- 
fore, growing most rapidly. 

The coefficients of correlation between the percentage 
increases in girth and the percentage increases in other 
characters (Table 45) indicate that the trees which have made 
the greatest increases in girth have also made the greatest 
increases in cortex thickness and in number of latex vessel 
rows in the cortex. The coefficient for the percentage increases 
in girth and in yield is , however, too small to denote any decided 
relationship bkweeii these characters. Changes in girth, 
therefore, have generally been accompanied by corresponding 
changes in cortex thickness and in number of latex vessel rows, 
but nol by changes in yield. 

In the cases of cortex thickness and number of latex vessel 
rows the relationship between initial measurement and the 
percentage increase is of the same nature as that already found 
for girth (Tables 23 and 15). Girth, then, cortex thickness, 
and number of latex ves.sel rows all exhibit the same relatiwi- 
ship ^ith their iiercontage increases. On the other hand th 
relationship between initial ydeld and percentage ™ 
yield is of an opposite nature to tliat found between eachottttf 
Sree forego^ characters and their 
Trees with the initial yield show also the hgMv 

centage incre<.sc in yield (Table 5) whereas n; juth the 

Inuwrt initial mea-surements of , ^Kcntige 

number of latex vessel rows show the highest p 

increases in these characters. onH number ol 

The three charactcrs-girth, „ne is 

fatex vessel rows are so interlinked that a dwag 
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accompanied by a corresponding change in the others. Any 
iacrease in the rate of growth results in an increase in cortez 
thickness, number of latex vessel rows, as well as in girth 
Increase in the rate of growth does not, however, result in 
increase in yield. Increase in yield must, therefore, be con- 
sidered to be independent of the growth rate. 

Growth and Yield. 

It is not generally recognized that increase in yield is inde- 
pendent of increased g^wth and conversely that increased 
growth is not necessarily accompanied by increased yield 
These facts are important in their bearing on estate practice 
in that methods of cultivation directed toward encouraging 
increase in growth do not necessarily result in increase in yield^ 
Where increase in yield has occurred following such methods 
of cultivation, it must be considered as a direct effect of such 
treatment on yield, rather than an indirect effect through any 
increased growth that may be induced. ® ^ 

Estate cultivation consists principally of working the soil 
and manuring, and the direct result of this treatment is 
increased growth. With regard to other crops, such as tea 
coconuts, and cacao, increased growth thus induced results in 
bigger crops, but the nature of the crop is in these cases vastly 
different to the crop in the case of rubber. In the case of tea 
the crop is the leaf, and the more vigorous the growth the more 
abundantly leaf is produced. In coconuts and cacao the crop 
18 the fruit which consists mainly of food materials manufac- 
tured by the leaves. The rubber crop, however, is derived 
from the latex, and though the function of the latex is still 
unknown its value to the tree appears to be small, as the loss 
occasioned by tapping does not greatly diminish growth, 
there is then no apparent connection between latex production 
following table illustrates the point heiv 

Table 50. 

Comparison between Increase in Girth of High- and Low- 
yielding Groups. 

>^ 0 . of Trees. Girth 

Yield. Increase, 

II ■■ ■■ 

Ti Tj. , ^ . . 1,873 gm- . . / *5 cm. 

more'than 'consists of 37 trees, which in 1923-23 gave 

45 trees with vi Group consists of 

yielders irfth/Silf ° grammes, i.e., the worst 

‘Jmup has m tl *■ that each tree in the High 

P aas on the average yielded 2,002 grammes of rubSr 
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more than the average of the Low Group, and this difference 
is slightly more than 110 per cent, of the mean of the Low 
Group. The mean increase in girth of the High Group from 
January, 1922, to April, 1923, is, however, only 0*5 cm., or 
6*7 per cent, above that of the Low Group. 

It has been shown in Table 38 that those trees which during 
the course of these investigations have made the greatest 
percentage increases in girth are not in general the trees which 
have given the greatest percentage increases in yield, the 
coefficient of correlation for these characters being -f- *03 ' 
*054. If increase in girth is regarded as a measure of growth 
activity, then increase in yield cannot be ascribed to the 
same cause. 

Of the many manurial experiments carried out on rubber no 
one experiment, to the knowledge of the writers, has indubit- 
ably proved that the application of manures has increased 
the yield of rubber. That applications of manure increase 
the growth and general vigour of the trees is undoubted, as it 
is possible to distinguish manured from unmanured fields at 
a distance by their general appearance. Manuring probaMv 
promotes also a more rapid regeneration of the renewing 
cortex, increase in cortex thickness being interlinked with 
increase in girth. Manuring therefore maintains the general 
vigour of the trees, but there is no evidence that it increases 
the yield. 

These observations lead to the conclusion that yield is 
independent of vegetative vigour. Yield is an inherent 
character ; a tree is, in general, bom a good yielder or a bad 
yielder, and no special cultivation or treatment will convert 
a poor yielder into a good yielder. It is possible, however, 
owing to disease or to unfavourable conditions that high 
yielders may become mediocre or even poor. Ciiltivation in 
estate practice should, therefore, be directed toward the 
maintenance of the trees in normal conditions of health and 
growth, to enable them to give the greatest yields that their 
'inherent character renders possible. 

0. BRYCE. 

July, 1923. 0. H, GADD. 


^ Ashplant, H. 
highest-yielcUng rubber tree ? 
XVII., p. 664 (December, 1922). 
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Table 1. — Measurement Records. 


Tree 

No. 


Yield, 


untapped Cortex 
Xamber Latex Thickness 
Veaael Rows, 

-- jv 


1921 - 22 . 1922 - 28 . 


gm. 

gm. 



nun. 

mm. 

.. 

3,007. 

21. 

19. 

7*1. 

8*2. . 

.. 1,766. 

1,532. 

12. 

12. 

6-9. 

6*9.. 

1,842, 

1,794.. 

16. 

18.. 

7’8. 

6*8. . 

1,971. 

2,682.. 

17. 

18.. 

8*3. 

7*9. . 

•• 3,277. 

6,088.. 

25. 

21.. 

7*8. 

7*1.. 

.. 2,236. 

2,840.. 

24. 

25.. 

8-8. 

5*8^ . 

2,632.. 

3,686.. 

22,. 

18.. 

7*3.. 

6*7. . 

•• 1,537.. 

1,694. . 

15 .. 

18.. 

6*4. . 

5*3. . 

1,686.. 

1,580. . 

20., 

20.. 

5*4. . 

5*6. . 

•• 1.824,. 

1,690.. 

14.. 

14.. 

6*7. . 

61.. 

•• 1>716.. 

1,167.. 

20.. 

20.. 

5*6., 

6*5. . 

'• 2,994.. 

3,867.. 

27.. 

32.. 

7*6.. 

7*2. . 

•• 1,846.. 

2,489.. 

25.. 

28.. 

7*4.. 

6*8.. 


Girth. Renewing Cortex 


o.m. 

}ro.ot Thick 
L. V. R. ness. 

mm. 

108*0. 

. 16. 

4*7 

75*3. 

. 12. 

3 9 

96*9. 

. 20, 

4*4 

110*7. 

. 22. 

6*7 

127*5. 

, 29. 

6*0 

89*6. 

- 23. 

6*1 

113*6. 

. 12. 

5*7 

75*6. 

. 15. 

4*0 

57*2. 

. 21. 

. 4*2 

90*8. 

. 17. 

. 4*3 

85*1. 

. 21. 

. 4*2 

95*0. 

. 28. 

, 6*6 

80*7. 

. 23. 

. 5*2 


Went dry October, 1922. 
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Untapped CJortex 

Yield. Number ofXatex Ihicinera. Girth. Kenewing Conex. 

Vessel Bows. 


Tree 


\ r 




. \ 

No. 

1021-22. 

1022-23. 

At 

At At At 

Thick. 




2 ft, 

8 In. 2 ft. 8 in. 

L. 

V . Br. negg 


gm. 

gm. 


nun. mm. 

cm. 

mm. 

14. 

1,911. 

2,147.. 

23.. 

27.. 6-8.. 6*4.. 

861. , 

25.. 4-7 

15. 

1,572. 

1,963.. 

24.. 

24., 6*0.. 6*0.. 

87*4., 

21.. 3*8 

16. 

1,595. 

1,741.. 

16.. 

14., 7'3.. 7*5.. 

82*3.. 

13.. 4*7 

17. 

2,194. 

2,277,. 

20.. 

23.. 6*8.. 6-6,. 

84*2.. 

20.. 4*5 

18. 

2,715. 

3,687.. 

29.. 

32.. 6-9.. 6‘4.. 

82*6., 

20.. 3*5 

Id. 

2,069. 

2,477. . 

30.. 

27.. 7-8.. 6*9.. 

85*8.. 

20.. 4*5 

20. 

2,012. 

2,827. . 

22. . 

21.. 5*6., 5-3.. 

75*3.. 

19.. 4*() 

21. 

2,139. 

3,097.. 

24.. 

22.. 6-4.. 6-6.. 

83*6.. 

20.. 5*0 

*22. 

. 2,373. 

1,913.. 

21.. 

20.. 7*0.. 6-0.. 

96*3.. 

21.. 4*7 

23. 

2,380. 

2,329.. 

19.. 

19.. 9*4.. 8*6.. 

106*9.. 

20.. 5'0 

24. 

1,694. 

2,049.. 

16.. 

18.. 7*5.. 6*4.. 

71*8.. 

19.. 4*9 

26. 

2,071. 

3,066.. 

19.. 

18.. 6*1.. 5-9.. 

100*9.. 

19.. 5*1 

26. 

1,905. 

2,153.. 

23.. 

28,. 8-1.. 6*7.. 

89*6.. 

22.. 4-1 

27. 

2,405. 

2,994.. 

17,. 

19.. 7*9.. 8*0.. 

106*3.. 

20 . . 5*4 

28. 

. 1,633. 

1,956.. 

20.. 

22.. 5'8.. 4*9.. 

73 0. 

28., 4*3 

29. 

. 1,824. 

1,950. 

17.. 

19.. 6*9.. 5*9.. 

92*7. 

19.. 6*0 

30. 

. 2,054. 

2,656. 

16.. 

15.. 6*3.. 6-4.. 

74*9. 

13.. 4*7 

31. 

. 1,951. 

1,809, 

20.. 

20.. 6*1.. 6*5.. 

68*9. 

14.. 3*6 

32. 

. 2,762. 

4,418. 

21.. 

20.. 7*9.. 6*3.. 

126*9. 

21,. 5*5 

33. 

. 2,169. 

2,549. 

22.. 

21.. 5*7.. 5*7.. 

77*6. 

20.. 3*5 

34. 

. 1,639. 

. 2,457. 

20.. 

21.. 6*7.. 4-7.. 

96-4. 

11.. 4*6 

36. 

. 1,732. 

. 1,409. 

18. 

18.. 4*1.. 3*8.. 

49*9. 

21., 3*6 

36. 

. 2,656. 

. 3,556. 

18. 

18.. 7*6.. 7*2.. 

98*9. 

14.. 4*1 

37. 

. 2,267. 

. 3,214. 

21. 

20., 6-2.. 5-8.. 

95*0. 

22.. 5*2 

38. 

. 2,876. 

. 4,495. 

. 20., 

23.. 7-2.. 6*5.. 

101*2. 

18.. 4*8 

39. 

. 2,062. 

. 2,319. 

. 24., 

24.. 8*3.. 7*3.. 

94*6. 

22.. 5*4 

40. 

. 1,990. 

. 2,788. 

. 20., 

20.. 6*6.. 4*6., 

77*5. 

23.. 5*2 

41. 

. 2,581. 

. 3,836. 

.38., 

36.. 6*6.. 5*9.. 

76*0. 

41.. 6*2 

42. 

. 2,870. 

. 3,629. 

. 20. 

22.. 9*1.. 7*8.. 

97*8, 

18.. 4*8 

43. 

. 2,026. 

. 2,469. 

. 22. 

27.. 7*1.. 0*4., 

96*5. 

17.. 4*3 

44. 

. 1,828. 

. 2,081. 

. 20. 

22.. 6*6.. 6*8., 

97*2. 

22.. 4*7 

45. 

. 2,556, 

. 3.634. 

. 22. 

22.. 7*3.. ‘0*8.. 

103*1. 

23.. 4*8 

46. 

. 1,721. 

. 1,677. 

. 14. 

16.. 7*6.. 7*3., 

100*6. 

15.. 3’8 

47. 

. 2,015. 

. 3,512. 

. 26. 

28.. 7*8., 7*6.. 

105*4. 

27.. 4*6 

48. 

. 2,710. 

. 2,115. 

. 21., 

20.. 7*3.. 6*5., 

92*4. 

18.. 5*2 

49. 

. 2,219. 

. 2,901. 

.18. 

18,. 8*0., 7*6., 

121*2. 

18.. 5*2 

60. 

. 1,740. 

. 1,783. 

. 16. 

17.. 6*4., 4*1., 

63*5. 

15.. 3*7 

61. 

. 2,927. 

. 4,306. 

. 23. 

27.. 6*9., 6*0.. 

97*8. 

20.. 5 0 

52. 

. 2,397. 

. 3,016. 

. 19., 

21.. 7*3.. 6*5.. 

89*9. 

18,. 4*4 

53. 

. 2,060. 

. 2,918. 

. 10,, 

16.. 6-3.. 6*3., 

82*3.. 

15.. 4*7 

54. 

. 2,758. 

. 4.330. 

. 19., 

20.. 8*1.. 8*8.. 

120*9.. 

16. . 5'2 

55. 

. 1,977. 

. 2,459.. 

. 11., 

11.. 6*4.. 5*8.. 

85*1.. 

11.. 3'3 

56. 

. 1.886. 

. 2,129.. 

. 10.. 

18.. 8*4.. 8*4.. 

104*4,. 

13.. 5*2 

57, 

. 2.775. 

. 3,938.. 

. 19.. 

19.. 5*9.. 4-8.. 

103*4.. 

15.. 4*0 

58. 

. 1.946. 

. 2,563.. 

. 26.. 

27.. 6*3.. 6*1.. 

95*9.. 

28.. 5*5 

59 . 

. 1,966. 

. 2,106.. 

, 18., 

20.. 6*8.. 6*1.. 

91*2.. 

18 . • 5 1 

60. 

- 2,174. 

. 2,712.. 

, 17.. 

18.. 6*8.. 6*1.. 

104*4.. 

16. . 5 y 

1 v A’'\ 

61. 

. 1.900. 

. 2,651., 

. 19.. 

19 .. 6-9.. 6*3.. 

78*1.. 

15. . ^ ^ 

1 i 4*2 

62. 

. 2,398. 

. 2,601.. 

, 13.. 

18 .. 7*5,. 8*1.. 

90*6. . 

14 . . ’ * 
01 4*9 

63. 

. 2,387. 

. 3,188.. 

27.. 

28.. 7*6.. 6*9.. 

93*4. . 



* Went dry September, 1922. 
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Uotimped Cottex 

Yield, Number of Latex Thioknesa. Girth, Eeneirtnir Cortex 
Vessel Kows. 


I'ree 

No. 

1921-22. 

l«22-23. 

At 

2 ft. 

At" ^ 
Sin. 

At 

2 ft. 

^ 

At 

Sin. 

L. V. fi- 

ness. 

64. 

gm. 

2,380.. 

gm. 

3,472. 

31. 

29. 

mm. 

7-4. 

mm. 

6-3.. 

cm. 

107*6.. 

24. 

mm. 

. 5*0 

65- 

2,469.. 

3,641. 

22. 

26. 

7-6. 

5’5.. 

92*1.. 

23. 

. 4*8 

66. 

2,209.. 

3,142. 

17. 

22. 

6-7. 

6*6.. 

86*4.. 

20. 

. 4*4 

67. 

3,693. 

4,944. 

27. 

. 30. 

8'7. 

. 7’5. 

110-4.. 

23. 

. 5*6 

68. 

2,401. 

2,923. 

18. 

. 23. 

7'8. 

. 6-5.. 

92*1.. 

17. 

. 4*5 

69- 

2,411. 

3,139. 

17. 

. 18. 

7-2. 

. 6-8.. 

101*9.. 

17. 

. 5*0* 

70. 

2,633. 

3,096. 

21. 

. 21. 

81. 

. 7'7.. 

101*6.. 

17. 

. 3*9 

71. 

. 2,988.. 

. 3,629. 

. 23. 

. 22. 

8-3. 

. 6'5.. 

125*0.. 

17. 

. 4*7 

72, 

. 2,435., 

, 3,302. 

. 19. 

. 21. 

G-5. 

. 5'7.. 

98*4.. 

17. 

. 4*0 

73- 

. 2.647.. 

, 3,526. 

. 26. 

. 23. 

8-7. 

. 7'I.. 

104*4.. 

24. 

. 4*6 

74. 

. 2,478.. 

. 3,206. 

. 22. 

. 21. 

6-4. 

. 5'9.. 

83*8.. 

20. 

. 4*9 

76. 

. 2,220.. 

. 2,927.* 

. 17. 

. 17. 

6*7. 

. 7'0.. 

110*4.. 

13. 

. 4*2 

*76. 

. 1,704.. 

131. 

. 17. 

. 17. 

6-6. 

. 6*5., 

89-6.. 

10. 

. 3’8 

77, 

. 2,220. 

. 2,620. 

. 25. 

. 22. 

8-5. 

. 7*4. 

89*6. . 

17. 

5-5 

78, 

. 2,602. 

. 2,883. 

. 19. 

. 22. 

7-3. 

. 7-0., 

78*7. 

19. 

,. 4*4 

79. 

. 2,606. 

, 3,105. 

, 26. 

. 29. 

7-7. 

. 7*8. 

118*0. 

27 

.. 4*9 

80. 

. 1,746. 

. 2,214, 

. 14. 

. 12. 

6*4. 

. 6*1. 

93-0. 

15, 

,. 4*3 


81.. 2,671.. 3,224.. 2,3.. 25,. 7*5.. T'S.. 100'6.. .17.. 4-7 


82.. 

3,260.. 

4,296.. 

25.. 

24.. 

8-5.. 

8*0.. 

101-6.. 

21.. 

5*9 

83.. 

3,045.. 

3,865.. 

16.. 

14.. 

7-1.. 

7*0.. 

94*6.. 

22.. 

5*8 

84.. 

2,092.. 

2,277.. 

16.. 

18. 

7*5.. 

5-2.. 

91*2.. 

15., 

4*3 

185,. 

1,952,. 

1,216.. 

12.. 

14. 

6*4, . 

5*8.. 

91*4,, 

13.. 

4*2 

86.. 

2,231.. 

2,855.. 

17.. 

16. 

7*9.. 

6*7.. 

107*5.. 

14. 

5*0 

87.. 

1,726.. 

1,825.. 

19.. 

19. 

6*7., 

6*6.. 

65*1., 

18. 

3*8 

t88.. 

1,649.. 

1,514,, 

23.. 

23. 

7*2.. 

6*4.. 

98*4.. 

16. 

4*0 

89.. 

2,016.. 

2,026. 

23.. 

21. 

7-6., 

6*6. . 

81*6., 

22. 

5*1 

90., 

1,798.. 

1,848.. 

16.. 

17. 

6*4.. 

6*4.. 

80*3.. 

15. 

5*8 

91.. 

1,919.. 

1,678.. 

23.. 

23.. 6*2.. 

6*2., 

77*8.. 

24. 

4*7 

92.. 

2,327.. 

2,065.. 

22.. 

20. 

7*5.. 

6-9.. 

103*8,. 

20. 

5*7 

93.. 

2,776.. 

3,470 . 

26.. 

28. 

7*4. 

6*4. . 

124*1., 

24. 

5*2 

94.. 

2,169.. 

2,487.. 

19.. 

21, 

6*6.. 

6-2. . 

96*5.. 

20. 

4*6 

95.. 

1,949.. 

2,149.. 

IS.. 

19. 

6*9.. 

6-2.. 

97*5,. 

13. 

4-9 

96.. 

2,264.. 

1,721. 

22.. 

23. 

8*6., 

8*0.. 

120*9.. 

18. 

6*3 

97.. 

2,306,. 

2,276.. 

24.. 

23. 

6*4. 

6*4, . 

96*2.. 

18. 

. 4 3 

98.. 

3,214.. 

2,416.. 

, 18.. 

21. 

7-3. 

7*2.. 

95*3.. 

14. 

. 4*8 

99.. 

2,208.. 

2,618.. 

21.. 

22.. 6*5. 

6*5,, 

94*3. . 

11. 

. 3*5 

100.. 

2,590.. 

1,719.. 

26.. 

26. 

6*7. 

6*6.. 

101*6.. 

20. 

. 4-6 

101.. 

2,132.. 

2,680.. 

19.. 

17. 

8*9. 

6 3., 

95*0.. 

15. 

- 5*2 

102., 

2,585,. 

3.647.. 

20,. 

20. 

9-4. 

7*4.. 

108*5.. 

22. 

. 5*1 

103.. 

1,725. , 

2..344.. 

14.. 

15.. 6*1. 

, 4'8.. 

98*1.. 

15. 

. 4*1 

104.. 

1,696.. 

1,785.. 

n.. 

13. 

. 6*2. 

, 5'2.. 

87*6., 

13. 

. 4*6 

105.. 

2.409.. 

3,572., 

36.. 

39. 

. 7*7. 

. 7*3., 

, 107*6.. 

31. 

. 6 3 

106.. 

1,606.. 

2,071 . . 

15.. 

16. 

. 6*7. 

, 6*5.. 

98*1,, 

16. 

. 5-2 

107.. 

1,714.. 

1,426., 

16.. 

19. 

, 7*9. 

, 6*8.. 

, 86*7.. 

9. 

. 4*2 

108., 

2.069., 

2,681., 

20.. 

20. 

. 8*0. 

. 7*5.. 

, 88*6.. 

16. 

. 4*2 

109.. 

2,766. . 

4,704. , 

20.. 

20.. S-7. 

, 8*7.. 

, 112*9., 

17. 

. 4'8 

no., 

1,769.. 

1,819.. 

13.. 

14. 

. 8*7, 

. 8*0., 

, 91*8.. 

12. 

. 5*8 

§111., 

1,688.. 

1,306., 

25.. 

22. 

. 7*0. 

. 4 5.. 

, 87*4.. 

21. 

. 4*9 


! fry January, 1922. t Dry from January, I922,tUlJune, 1922. 
T Went dry September, 1922. $ Went dry November, 1922. 
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TJatapped Cortex. 



yield. 

Number ol Latex TMckEeai. 
V^eljRo^ 

CHrtii.R«neMiiE Cortex. 

Tree 

Ug. 

1921-22. 1922-23. 

sm. sni. 

At 

2 ft. 

At 

8 In. 

r 

At 

2 ft. 

mm. 

At 

8 in. 

mm. 

cm. 

ttUU. 

U2. 

. 2,040.. 

2,832. 

, 24.. 

27.. 

6'7. 

5‘9. 

97*2. 

24.. i-s 

18.. 4-6 

25 .. 4 8 

21.. 5-2 

16.. 4-2 

13 .. 4-9 
13 .. 4'9 

13.. 3-9 

15 .. 4-0 

H3. 

. 2,223.. 

3,266. 

. 25.. 

26.. 

6-9. 

6*1. 

97'6. 

114. 

. 2,454.. 

2,937 

. 25.. 

25. 

6*8. 

7*2. 

76'3. 

115. 

. 2,644.. 

3,832. 

. 23.. 

25. 

8-8. 

7*0. 

96*5. 

116. 

. 1.901.. 

2,261 

. 22.. 

22. 

7-6. 

6*9. 

82*3. 

117. 

. 1.844.. 

1,361 

. 18.. 

18. 

6’6. 

6*4. 

54*6. 

118. 

. 1,392.. 

1,330. 

. 15.. 

17. 

5-8. 

6*8. 

62*2. 

119. 

, 2,001., 

2,902 

. 16.. 

16. 

7-4, 

7*6. 

97*2. 

120. 

. 1,580,, 

1,397 

.14.. 

17. 

6-4, 

6*6. 

81-3. 

121. 

. 2,134.. 

2,580. 

. 20.. 

19. 

7'2, 

8*1. 

84*8. 

21.. 5-0 

16.. 3-2 

132 . 

. 1,728.. 

1,690. 

. 16.. 

17.. 

5-4. 

51. 

98*2. 

123. 

. 2.U4.. 

2,401. 

. 16.. 

19.. 

7’2. 

4;9. 

94*1. 

17 .. 4-4 

124. 

. 2,495.. 

1,961. 

. 26.. 

27. 

8*1. 

7*1. 

101-2. 

19.. 4-9 

10. , 4*5 

125. 

. 1,988.. 

2,436. 

. 14.. 

15- 

7’ 6. 

7*0. 

105*3. 

126. 

. 2,162.. 

2,965. 

. 12.. 

15. 

7-0. 

7*2. 

106*6. 

16., 5-0 

127. 

. 1,943.. 

2,293 

.20.. 

16. 

7-6. 

6*3. 

83*6. 

15 .. 3-9 

128. 

. 2,195.. 

2,320 

. 22.. 

19. 

6‘4. 

6'1. 

74-9. 

20. . 5-i 

129. 

. 1,888.. 

1,869. 

, 15.. 

16. 

7'4. 

6-3. 

68*9. 

U.. 4-8 

130. 

. 2,382.. 

3.499. 

. 19.. 

20. . 

6'6. 

6-9. 

96*3. 

20.. 4-4 

131. 

. 2 , 450 .. 

3,422. 

. 25.. 

21. . 

7‘4. 

7-0. 

110-7. 

21.. 5-0 

132. 

. 2,302.. 

3,357. 

. 21.. 

19- . 

7-0. 

0*9. 

90-5. 

22.. 6-3 

133. 

. 2,784.. 

3,674. 

. 21.. 

21.. 

7'2. 

7-6. 

ini-9. 

18.. 4-4 

134. 

. 1,942.. 

2,319. 

. 20.. 

22-. 

7*6. 

6*7. 

88-3. 

18.. 4-9 

135. 

2,356.. 

3,592. 

. 19.. 

20.. 

6-9. 

6-0. 

116-1, 

19 .. 5-3 

136. 

2 , 299 .. 

2,700. 

. 11.. 

12.. 

5*7. 

5’9, 

67 ' 6 . 

12.. 3-4 

137. 

2,604.. 

3,148, 

. 27.. 

27.. 

10* 1. 

6-9., 

96-6. 

20., 4-8 

138. 

3,019.. 

4,981. 

. 24.. 

26.. 

7*4. 

6*3. 

110-4. 

22.. 6-1 

139. 

2,417.. 

2.549. 

. 16.. 

16. . 

7-4. 

6*7., 

95-4. 

19 .. 5 0 

140. 

1,820.. 

1,885, 

. 15.. 

20.. 

6*6., 

6*5., 

78-1. 

17.. 3-8 

Ul. 

. 2,533.. 

2,984. 

.18.. 

19 .. 

7*3. 

6*5., 

98-1. 

23.. 4-3 

142., 

. 2.015.. 

2,142. 

. 10.. 

10.. 

7-6., 

8*0.. 

98-1. 

12.. 4-7 

143. 

. 2,250.. 

2,080. 

. 23.. 

27. . 

6*1. 

6-3,. 

91*2. 

14.. .3-2 

144. 

. 2,108.. 

2,208 . 

17.. 

17.. 

5-8.. 

5*3., 

90-8. 

25., 4-9 

145.. 

. 2,535.. 

2,724. 

. 13.. 

15. 

8*6. . 

7*8, , 

108-2. 

17.. 4-5 

UG.. 

. 2,29<>., 

2,669. 

. 14.. 

19. . 

6*5., 

7*0. . 

99-7. 

15. . 4-6 

147., 

, 2,055.. 

2,582. 

. 14.. 

13.. 

7*1., 

6*4.. 

110-1. 

20.. 5-1 

148.. 

. 2,500.. 

2,915. 

. 10.. 

19.. 

10-4., 

10*1.. 

, 1I2-9. 

20.. 6-0 

149.. 

. 2,456.. 

2,88 1 . 

. 12.. 

13. . 

8*1., 

8‘0.. 

119*9. 

15.. 4-6 

150.. 

2,035.. 

2.690. 

. 16.. 

17.. 

7*6., 

8*2.. 

90*5. 

)9.. 4-' 

I5l.. 

2.494. . 

3.331. 

. 20.. 

20.. 

7*5. , 

7*0.. 

92- L, 

22.. 4-8 

152.. 

2.332.. 

2,6.3.5. 

. 16.. 

IS.. 

7*5., 

6'6.. 

102-8., 

21.. 4-8 

163.. 

2,080.. 

1,755. 

. 12.. 

12 . . 

6 - 0 .. 

5*5. . 

S4-H, , 

9.. 3-4 

154.. 

2,823, . 

3,741. 

. 18.. 

18.. 

7*8., 

7‘H.. 

116- 1. , 

16.. 4-9 

155.. 

2.528.. 

2,999. 

. 19.. 

17.. 

6*9. , 

6*3. . 

93*4.. 

21.. 4-(i 

156.. 

2,355.. 

3.047. 

. 23.. 

23.. 

6 * 2 ., 

5*6.. 

90*2., 

22.. 3-5 

157 .. 

2.359. . 

3.048 . 

. 21 .. 

23.. 

7*6, , 

8*5.. 

116-8. , 

22.. 5-5 

158 .. 

2,669.. 

3,514. 

. 23.. 

20 ,. 

7*0.. 

7*6.. 

90*8.. 

19.. 4-(i 

159 .. 

2,572,. 

3.653. 

. 14.. 

16 .. 

7 4 ., 

6*3.. 

100*6.. 

18,. 4-5 

160 .. 

2 , 966 ., 

4,132. 

. 20 .. 

21 .. 

7 * 8 .. 

6 * 9 .. 

103*1.. 

2!.. 6'^ 

161 .. 

2 . 796 .. 

2 , 006 . 

. 16 .. 

17 .. 

9 - 7 .. 

8 - 7 .. 

116*4.. 

13.. 4'7 
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at the base and at ground leyel. In the other type the number 
of latex vessels rapidly decreases from the bVse upwarr 
This latter type is of less value in practice ” 

20-4 ± '258 The difference ( -7 rows) is small in compa^on 

^th Its probable eiror, and is consequently insigidfioant 

Expressed in practical terms this statistical result means that 
a tapping out at 8 mches does not, on the average, open more 
latex vessel rows than a tapping cut at 2 feet. The increased 
1922-2.3 yields are, therefore, not to be attributed to any in 
crease in the number of rows of latex vessels as the tapping cut 
moves down the stem The same conclusion is reached by con- 
sideration of Tjble 40, which shows the relationship between 
the percentage increase in yield and the percentage increase in 
the number of latex vessel rows on descending the tree from 
2 feet to 8 inches ; from this the coefficient of correlation has 
been calculat^ to be - • 14 ± -053, This coefficient indicates 
no decided relationship between these two percentage increases 
vdthin the limits of these experiments. The change in yield 
of individual trees is accordingly not associated with a corre- 
sponding change in the number of latex vessel rows as the cut 
reaches lower levels on the stem. The explanation of the 
increase in yield which corresponds with the descent of the 
tapping cut must, therefore, be sought in other directions 
Before proceeding to an examination of other factors it 
would appear advisable to test Vischer’s conclusions that 
there are two types of Hevea distinguishable by the variation 
in the number of rows at various heights, and that the type 
which has a much larger number of latex vessel rows at ground 
level than at a considerable distance above ground level is 
of less value from the point of view of yield. In ^ 0 ^ 
tapping IS restricted to the basal 2 or 3 feet of the trL and 

limTsl“dc within’ these’ 

limite a decreasing number of vessels from the ground upwards 

five ‘he examination of 

fen oftvne^' f appUcation of his method of classifica- 

omnariL? b * 1 ®“ ^e ascertained by 

of each tree at 

‘here are three\“tTHt“;’l^^^ " 

(2) With “““ V®® ® “'^hes than at 2 feet. 

3 W th a . T ""“v®® 8 ‘"‘^hes as at 2 feet. 

Tvn!» m '"‘“her of rows at 8 inches than at 2 feet. 

tia/which 1"*^ Vischer's types, the first being 

6 ( 3 ol 23 “ “onsidera inferior in practice. 
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An examination of Fig. 8, which represents graphically the 
frequency distribution (given in Table 18) of the number of 
latex vessel rows at 8 inches expressed as a percentage of the 
number of rows at 2 feet, shows that there is no evidence to 
justify the division of the trees of the plot into three or even 
into two types. The curve in Fig. 8 is approximately normal, 
indicating that the population, from which the measurements 
were made, is truly homogeneous, and consequently of one 
type only. It will be seen from that figure that there are 
more trees in the class which has approximately the same 
number of rows at 8 inches and 2 feet (100 per cent.) than in 
any other class, and that the numbers fall away symmetrically 
on each side as the divergence from the mode (fashion) 
increases. If there were three types of tree in^the plot, there 
would be three modes, and the curve would be heaped up in 
three places, each one indicating a type. The presence of 
Vischer’s inferior type in the plot would, therefore, be indicated 
by an additional mode at some point above 100 per cent. 
Fig. 8 indicates that there is only one type, viz., that having 
approximately the same number of rows at 2 feet and at 8 
inches, and that this type varies in both directions. Accord- 
ingly, trees may be found with either a greater or smaller 
number of rows at 2 feet than at 8 inches, but those trees must 
be considered rather as variations of the one type than as 
distinct types. 

Since \Tscher’s conclusions are based on examination of 
five trees only, without further evidence there is considerable 
doubt as to the validity of VLscher’s types. 

There is then but one type of tree in the plot, and that type 
has approximately the same numl)er of rows of latex vessels 
at 2 feet and at 8 inches. It has also been demoaslrated that 
the increase in yield as the tapping cut descends the tree is not 
due solely to the tapping of an increasing number of latex 
vessel rows. The factors to wliieh increase in yield may be 
attributed must, therefore, be sought in other directions. 

In the first place, the tree is becoming older as the tapping 
cut descends. Is therefore the increased yield due mainly 


to increa.sing age ? 

During the two years 1021 to 1023 there has been an increase 
in the number of latex vessel rows at 2 feet. Similarly, t « 
girth has increased during the same time, and 
the tapping cut has become longer. It _ 

TKiinted out, however, that the relationship existing briw _ 
percentage increase in yield and percentage ^ 

numlxjr of latex vessel rows at 2 feet in the two years 
small, the ooeftici^t-nt of correlation 
Similarly,thecoefBcient of correlation (-f* 03 ± 
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the percentage increases in yield and girth is too small to denote 
any real correlation between these characters It is evident 
therefore, that the age factor resulting in an increase in the 
length of the tapping cut and in the number of rows of latex 
vessels cannot be the main cause determining increase in yield 

This conclusion is supported by general observatio^ on 
estates to the effect that a reduction in yield occurs when the 
tapping cut is changed over from the base to the opposite side 
at a higher level. Such a change over results in a slight 
decrease in the length of the cut, but not in a decided deoreasp 
in the number of latex vessel rows tapped. 

The change over of the tapping cut from the base to a higher 
level on the other side of stem is made in one step. The short 
interval of time occupied by the change over may be considered 
as instantaneouB with regard to any effect of the age factor 
on yield. The age factor, therefore, does not enter into any 
comparison of the yields obtained before and after the change 
over. It has already been shown, however, that a decrease 
in the length of the tapping cut is not accompanied by a 
corresponding diminution in % yield. The decrease in yield 
on changing over cannot be due to age, to shorter tapping 
cuts, nor to the tapping of a diminished number of latex 
vessel rows. 

It has not been possible to determine any relationship 
between the increase in yield obtained as the tapping cut 
descends the tree and increases in measurements of other 
characters investigated. 

The explanation of the increase in yield as the tapping out 
descends the tree and of decrease in yield on changing over 
from the base to a higher level must be sought in other direc- 
tions. It may be suggested that other factors may have 
some influence on this phenomenon, such as greater pressure 
mthin the latex vessels at lower levels, differences in viscosity 
of the latex and diameter of the latex vessels, or other anato- 
Hucal or physiological cliaracters. 

It would, therefore, appear that the lower portion of the 
»>^erently lugher yielding, and that there is a steady 

resulted Tn tT' estate practice has 

pZible "''f of the tapping cut to the lowest 

possible portion of the stem compatible with the system of 

‘^*1, so far collected is 

o cement with estate experience on this point. 

rni GtROWTH, 

inSIrelf 7*x ^ in an increase in height, 

6S)23 branching, and generaUy in increas; iil 
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size. Of these, girth is the most easily measured character, 
and in trees growth is usually measured by the girth. A 
rapid increase in girth denotes rapid growth. The annual 
increase in girth is a measure of the annual growth, and if this 
is expressed as a percentage or proportion of the initial measure- 
ment, a measure of rate of growth is obtained. A small tree, 
for example, of which the girth increases by 2 inches in one 
year, is growing proportionately more rapidly than a larger 
tree with the same increase, and therefore shows a higher 
growth rate. 

It has been shown in Table 11 that the nett increase in girtii 
of the smallest trees is on the average equal to that of the 
biggest trees, but that in proportion to their initial size the 
smallest trees have made the greatest growth. 

The relationship between initial girth and ^rcentage 
increase is represented by the coefficient of correlation ~ -40 
± *046 (Table 10), which indicates that the trees which had 
the smallest girth in April, 1921, have made the greatest 
proportional increase in girth. The smallest trees are, there- 
fore, growing most rapidly. 

The coefficients of correlation between the percentage 
increases in girth and the percentage increases in other 
characters (Table 45) indicate that the trees which have made 
the greatest increases in girth have also made the greatest 
increases in cortex tliickness and in number of latex vessel 
rows in the cortex. The coefficient for the percentage increases 
in girth and in yield is, however, too small to denote any decided 
relationship between these characters. Changes in girth, 
therefore, have generally been accompanied by corresponding 
changes in cortex thickness and in number of latex vessel rows, 
but not bif changes in yield. , , , , 

In the cases of cortex thickness and number of latex vessel 
rows the relationship between initial measurement and the 
percentage increase is of the same nature jis tliat already found 
for girth (Tables 23 and 15). Girth, then, cortex thickness, 
and number of latex ve8.H(.d rows all exhibit the same relation- 
ship with their percentage increases. On the oth(‘r hamltlie 
relationship betw^een initial yield and percentage 
yield is of an opposite nature to that found between each ol tn 
three foregoing characters and their .'"■ 

Trees with the highest initial yield show also tlii' P, 
centage increase in yield (Talile 5), whereas trees with ^ 
lowest initial measurements of girth, * 

number of latex vessel rows show the highest per g 

increases in these characters. .^smmberoi 

The three characters-girth, i„ one is 

latex vessel rows -are so interlinked that a chang 
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accompanied by a corresponding change in the others Any 
increase in the mte of growth results in an increase in cortex 
thickness, number of latex vessel rows, as well as in girth 
Increase in the rate of growth does not, however, result 
increase in yield, increase in yield must, therefore be con- 
sidered to be independent of the growth rate. * 


Growth akd Yield. 


It is not generally recognized that increase in yield is inde- 
pendent of increased growth and conversely that increased 
growth is not necessarily accompanied by increased yield 
The^e facts are important in their bearing on estate practice 
in that methods of cultivation directed toward encouraging 
increase in growth do not necessarily result in increase in yield 
Where increase in yield has occurred following such methods 
of cultivation, it must be considered as a direct effect of such 
treatment on jdeld, rather than an indirect eff ect through any 
increased growth that may be induced. ^ 


Estate cultivation consists principally of working the soil 
and manuring, and the direct result of this treatment is 
increased growth. With regard to other crops, such as tea 
coconuts, and cacao, increased growth thus induced results in 
bigger crops, but the nature of the crop is in these cases vastly 
(hfierent to the crop in the case of rubber. In the case of tea 
the crop is the leaf, and the more vigorous the growth the more 
abundantly leaf is produced. In coconuts and cacao the crop 
IS the fruit which consists mainly of food materials manufac- 
tured by the leaves. The rubber crop, however, is derived 
Irom the latex, and though the function of the latex is still 
uiikaown, Its value to the tree appears to be small, as the loss 
occasioned by tapping does not greatly diminish growth. 
Ihwe IS then no apparent connection between latex production 
table illustrates the point here 


Table 50. 

Comparison between Increase in Girth of High- and Low- 
yielding Groups, 

*Vo. of Trees. Mean Girth 

rr- 1 'Vield. Increase. 

KSp':: II ■ ■■ 

“ 1922-23 gave 

trees with The Low Group consiBte of 

ylelto Se";S 2,227 grammes, U, the wo«t 

®roup has on tK ^ ^ ^““l' tree in the High 

P on the average yielded 2,002 grammes of ru^ 



( 70 ) 


more than the average of the Low Group, and this difference 
is slightly more than^llO per cent, of the mean of the Lq^ 
Group. The mean increase in girth of the High Group from 
January, 1922, to April, 1923, is, however, only 0-5 cm., or 
6*7 per cent, above that of the Low Group. 

It has been shown in Table 38 that those trees which during 
the course of these investigations have made the greatest 
percentage increases in girth are not in general the trees which 
have given the greatest percentage increases in yield, the 
coefficient of correlation for these characters being -f ‘08 :£ 
•054. If increase in girth is regarded as a measure of growth 
activity, then increase in yield cannot be ascribed to the 
same cause. 


Of the many manurial experiments carried out on rubber no 
one experiment, to the knowledge of the writers, has indubit- 
ably proved that the application of manures has increased 
the yield of rubber. That applications of manure increase 
the growth and general vigour of the trees is undoubted, as it 
is possible to distinguish manured from unmanured fields at 
a distance by their general appearance. Manuring probably 
promotes also a more rapid regeneration of the renewing 
cortex, increase in cortex thickness being interlinked with 
increase in girth. Manuring therefore maintains the general 
vigour of the trees, but there is no evidence that it increases 
the yield. 

These observations lead to the conclusion that yield is 
independent of vegetative vigour. Yield is an inherent 
character ; a tree is, in general, born a good yielder or a bad 
yielder, and no special cultivation or treatment will convert 
a poor yielder into a goorl yielder. It is possible, however, 
owing to disease or to unfavourable conditions that kigh 
yielders may become mediocre or even poor. Cultivation in 
estate practice should, therefore, be directed toward the 
maintenance of the trees in norm^ conditions of licalili and 
growth, to enable them to give the greatest yields that their 
inherent character renders possible. 

G. BRYCE. 

July, 1923. n. GABD. 
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Table 1. — Measnrement Records. 


Tree 

No. 


1921-22. 1922-118. 


UntApped CorU'i 
Number of Lat« Thickness. 
Vesiel Rows. 

At At ^ ^ 

2 ft. 8 In. 2 ft. 8 In. 


Oirth. Renewing Corte^z 


No. of Thick 
L. V. R, ness. 


1.. 

2,883 . . 

3,007.. 

21. . 

19.. 

7*1.. 

2. . 

1,768.. 

1,532.. 

12. , 

12.. 

6-9. . 

3 . . 

1,842.. 

1,794.. 

16. . 

18.. 

7*8. . 

4. . 

1,971.. 

2,682.. 

17.. 

18. . 

8-3. . 

5, . 

3,277.. 

6,088.. 

25.. 

21.. 

7*8.. 

6. . 

2,236.. 

2,840.. 

24.. 

25.. 

6-8. . 

7.. 

2,632.. 

3,686.. 

22.. 

18.. 

7-3.. 

8. . 

1,637.. 

1,694.. 

16.. 

18.. 

5-4. . 

9. . 

1,586.. 

1.680.. 

20.. 

20. . 

6*4. . 

10. . 
^ 1 1 

1.824.. 

1,690.. 

14.. 

14.. 

5*7. . 

. 

12.. 
1 Q 

1.716.. 

2.994.. 

1.167.. 

3.867., 

20.. 

27.. 

20.. 

32.. 

5*6.. 
7*6. . 


1,846, , 

2,489.. 

26.. 

28.. 

7*4.. 


8 2 . . 
8-9.. 
68 .. 
7-9.. 
71.. 
6 - 8 .. 
6-7.. 
5*3. . 
6 * 6 .. 
6 - 1 .. 
6*5.. 
7*2.. 
6 * 8 .. 


108 -U. . 

16. 

4-7 

76*3.. 

12. 

3 9 

96*9. . 

20. 

4*4 

110-7., 

22. 

6*7 

127*6.. 

29. 

6*0 

89-6.. 

23. 

6*1 

113*6.. 

12. 

5-7 

76*6., 

16., 

4*0 

67*2.. 

21., 

4-2 

90*8.. 

17.. 

4*3 

86*1.. 

21.. 

4*2 

95*0.. 

28.. 

6*6 

80*7. . 

23., 

8*2 


Went dry October. 1922. 
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Untapped Goitex 

Number of Latex Ibickn^ Girth. ICeiie>?iiig rwipv 
Vessel Eowb. 


Tree 

^ A, 

^ 

A 

\ ^ ^ 

r 

— 

’ • ness. 

mm. 

Jfo. 

1921-22. 

gm. 

3922-23. 

gm. 

At 

2 ft. 

At At At 

Sin. 2 ft. Sin. 

ram, mm- 

h 

L. 

cm. 

U. 

1,911. 

2,147. 

23.. 

27.. 6-8.. 6-4., 

86*1. . 

25.. 4*7 

21.. 3*8 

15. 

1,572. 

1,963. 

24.. 

24.. 5 0.. 6 0,, 

87*4.. 

16. 

1,595. 

1,741, 

15.. 

14.. 7-3.. 7'5.. 

82*3.. 

13.. 4*7 

17. 

2,194. 

2,277. 

20.. 

23.. 6-8.. 6*6.. 

84*2.. 

20.. 4*5 

18. 

2,715. 

3,687. 

29.. 

32.. 6-9., 6*4.. 

82-6.. 

20.. 3*5 

19. 

2,069. 

2,477. 

30.. 

27.. 7-8.. 6-9.. 

85*8.. 

20.. 4*5 

20. 

3,012. 

2,827. 

22.. 

21.. 5-5.. 6-3.. 

75-3.. 

19., 4’(i 

21. 

2,139. 

3,097. 

24.. 

22.. 6-4.. 6-6.. 

83*6.. 

20.. 5*0 

*22. 

2,373. 

1,913. 

21.. 

20.. 7-0.. 60., 

95*3.. 

21.. 4-7 

23. 

2,380. 

2,329. 

19.. 

19.. 9-4.. 8-6.. 

106*9.. 

20.. 5-0 

24. 

1,694. 

2,049. 

16. 

18.. 7-5.. 6'4.. 

71-8.. 

19.. 4*9 

25. 

2,071. 

3,066. 

19. 

18.. 61.. 5-9.. 

100*9. 

19.. 5-1 

26. 

1,905. 

. 2,153. 

23. 

28.. 8-1.. 6-7.. 

89’6. 

22.. 4*1 

27. 

2,405. 

. 2,994. 

17. 

19.. 7-9.. 8-0.. 

106*3.. 

20.. 5*4 

28. 

1,63.3. 

. 1,956. 

20. 

22.. 5-8.. 4-9.. 

73*0.. 

28.. 4-3 

29. 

1,824. 

. 1,950. 

17. 

19.. 6-9.. 5'9., 

92*7.. 

19.. 5*0 

30. 

2,054. 

. 2,556. 

16. 

15.. 6-3.. 6-4.. 

74*9.. 

13.. 4*7 

31. 

1,951. 

. 1,809. 

20. 

20.. 6-1.. 5-5.. 

68*9.. 

14.. 3*6 

32. 

2,762. 

. 4,418. 

21. 

20.. 7-9.. 6-3.. 

126-9- 

21.. 5*5 

33. 

2,159. 

. 2,549. 

22. 

21,. 5-7.. 6-7.. 

77*5.. 

20.. 3*5 

34. 

1,639. 

. 2,457. 

2o! 

21.. 6*7.. 4-7.. 

95-4. 

il.. 4*6 

35. 

1,732. 

. 1,409. 

18. 

18.. 4’!., 3‘8.. 

49*9.. 

21.. 3*6 

36. 

2,656. 

. 3,656. 

!8. 

18.. 7-6.. 7-2.. 

98*9. 

14.. 4*1 

37. 

2,267. 

. 3,214. 

21. 

20,. 6-2.. 5-8.. 

9.')‘0. 

22.. 5*2 

38. 

. 2,876. 

. 4,495. 

. 20., 

, 23. . 7*2. . 6-5. . 

101-2.. 

18.. 4*8 

39. 

. 2,062. 

. 2,319. 

. 24., 

. 24.. 8*3., 7*3.. 

94*6. . 

22.. 0*4 

40. 

. 1,990. 

. 2,788. 

. 20.. 

. 20.. 6'6.. 4*6.. 

77-5.. 

23.. 5*2 

41. 

. 2,581. 

. 3,836. 

. 38. 

. 36.. 6-5.. 5-9.. 

75*0.. 

41.. 6*2 

42. 

. 2,870. 

. .3,629. 

. 20. 

. 22.. 9-1.. 7*8.. 

97*8. . 

18.. 4*8 

43. 

. 2,026. 

. 2,469. 

. 22. 

. 27,. 7-i.. 6-4.. 

96-5. . 

17.. 4*3 

44. 

. 1,828. 

. 2,081. 

. 20., 

. 22.. 6-5., 6-8,. 

97*2. . 

22.. 4*7 

45. 

. 2,556. 

. .3,634. 

. 22. 

. 22.. 7-3.. 6*8.. 

103- 1.. 

23,. 4*8 

46. 

. 1,721. 

. 1,677. 

, 14. 

15.. 7*5.. 7-3.. 

100-6.. 

15.. 3*8 

47. 

. 2,615. 

. 3,512. 

. 26. 

. 28.. 7 8.. 7-6.. 

105*-l.. 

27.. 4*6 

48. 

. 2,710. 

. 2,115. 

. 21., 

. 20.. 7*3.. 6-5.. 

92'4.. 

18.. 5*2 

49. 

. 2,219. 

. 2,961. 

.18. 

. 18.. 8-0.. 7-5.. 

121-2. . 

18.. 5*2 

50. 

. 1,740. 

. 1,783. 

. 15. 

, 17. . 5*4. . 41.. 

G3-5. . 

15.. 3*7 

51. 

. 2,927. 

. 4,306. 

. 23, 

. 27. . 6’9, . 6*0. . 

97*8.. 

20.. 5*0 

52. 

. 2,397. 

. 3,016. 

. 19, 

. 21.. 7*3,. 6*5.. 

89*9.. 

18.. 4*4 

53. 

. 2,069. 

. 2,918. 

. 19. 

. 16.. 6*3.. 6*3.. 

82*3.. 

15.. 4*7 

54. 

. 2,758. 

. 4,330. 

. 19. 

. 20.. 8*1.. 8*8.. 

120-9., 

16,. 5*2 

65. 

. 1,977. 

. 2,469. 

. n. 

. 11.. 5*4.. 6*8.. 

85-1.. 

11.. 3*2 

13.. 5*2 

15.. 4 0 

28.. 5*5 

18.. 5*1 

16.. 5*9 

15.. 4*3 
!4.. 4*2 

23.. 4*9 

56. 

, 1,886. 

. 2,129. 

. 10. 

. 18.. 8*4.. 8*4.. 

104-4.. 

67. 

. 2,775. 

. 3,938. 

. 19. 

. 19.. 5*9.. 4*8.. 

103*4.. 

58. 

. 1,946. 

. 2,563. 

. 26. 

. 27.. a-3.. 6*1., 

95*9. , 

69. 

. 1,966. 

. 2,106. 

. 18. 

. 20., 8*8.. 61.. 

91*2.. 

60. 

. 2,174. 

. 2,712. 

, 17. 

. 18.. 6*8.. 61., 

104-4. . 

61. 

. 1,900. 

. 2,651. 

. 19. 

. 19.. 6*9.. 6-3.. 

78*1.. 

62. 

. 2,398. 

. 2,601. 

. 13. 

. 18.. 7*6.. 8*1.. 

90-8. . 

63. 

. 2,387. 

. .3.188. 

, 27. 

. 28.. 7*6.. 6-9.. 

93*4, . 


• Went dry Sepujmber. ^922. 



( 7S ) 


CJntM>ped Cortex 

Yield. Number of Latex Thlcknegs Girth. Eenewiug Cortex. 
Vessel Bows. 


tree f ^ 

jjp, mi-22. 

1922-23, 

At 

2 ft. 

At^ At"^ TWck* 

Sin. 3ft. 8ia. L. V. R. ness. 

gm. 

64.. 2,380.. 

gm. 

3,472.. 

31.. 

mm. mm. cm. 

29.. 7'4.. 6-3.. 107-6.. 

24.. 

mm. 

5-0 

55.. 2,459-. 

3,641.. 

22.. 

25.. 7'5.. 5-5.. 92-1.. 

23.. 

4-8 

66.. 2,209.. 

3,142.. 

17.. 

22.. 6-7.. 6-6.. 86-4,. 

20.. 

4-4 

67.. 3,693.. 

4,944.. 

27. 

30.. 8-7.. 7-5.. UO-4.. 

23.. 

5-6 

68.. 2,401.. 

2,923.. 

18. 

23.. 7-8.. 6*5.. 92-1.. 

17. . 

4-5 

m.. 2,411.. 

3,139.. 

17. 

18.. 7-2.. 6-8.. 101-9.. 

17.. 

5-0 

70.. 1633.. 

3,096. 

21. 

21.. 8-1.. 7-7.. 101-6.- 

17. 

3-9 

71.. 2,988.. 

3,529. 

23. 

22.. 8-3., 6'5.. 125-0.. 

17. 

4-7 

71. 2,435.. 

3,302, 

19. 

21.. 0-5.. 5-7.. 98-4.. 

17.. 

4-0 

73.. 2,647.. 

3,526. 

25. 

23,. 8-7.. 7-1.. 104-4. 

24. 

4-5 

74.. 2,478. 

3,206. 

22. 

21 . , 6-4. . 5-9. . 83-8. 

20. 

4-9 

75.. 2,220. 

2,927. 

17. 

17.. 6-7.. 7-0.. 110-4. 

13. 

4'2 

*76,. 1,704. 

131. 

17. 

17. , 6-6. . 6-5. . 89-6. 

10. 

3-8 

77.. 2,220. 

2,620. 

25. 

22. . 8-5. . 7-4.. 89-6. 

17. 

.5-5 

78.. 2,602. 

2,883. 

19. 

22.. 7-3.. 7-0.. 78-7. 

19. 

4-4 

79.. 2,505. 

3,105. 

26. 

29.. 7-7.. 7-8.. 118-0. 

27. 

4-9 

80.. 1,746. 

2,214. 

14. 

12.. 6-4.. 6-1.. 930. 

1.5- 

4-3 

81.. 2,671. 

3,224. 

23. 

25 . . 7 ■ 5 . . 7 ' .5 . , lOO " 6 . 

17. 

4-7 

82.. 3,260. 

4,296. 

25. 

24.. 8-5.. 80.. 101-6- 

21. 

. 5-9 

83.. 3,045. 

3,865. 

16. 

14.. 7-1.. 7-0.. 94-6. 

22. 

. 5-8 

84.. 2,092. 

2,277. 

Ifi. 

18.. 7-5.. 5-2.. 91-2. 

15. 

. 4-3 

t85.. 1,9.52. 

1,216. 

12. 

14,. 6-4,. 5-8., 91-4. 

13. 

. 4-2 

86.. 3,231. 

2,855. 

17. 

16.. 7*9-. 6-7.. 107-5. 

U. 

. 5-0 

87.. 1,726., 

1,825. 

. 19. 

19.. 6-7.. 6-6.. 651. 

18. 

. 3-8 

^88.. 1,649., 

1,514. 

, 23. 

2:1., 7-2.. 6-4.. 98-4. 

16. 

. 4-0 

89.. 2,016. 

2,026. 

. 23. 

. 21.. 7-6.. 6-6.. 81-6. 

22, 

. 5-] 

90.. 1,798, 

1,848. 

. 16. 

. 17.. 6-4.. 6-4.. 80-3. 

15. 

. 5-8 

91.. 1,919, 

1,678. 

. 2.3. 

. 23.. 6-2.. 6-2,, 77-8. 

24. 

. 4-7 

92.. 2,327. 

2,055. 

. 22. 

. 20.. 7-5.. 6-9,- 102-8. 

20. 

. 5* 7 

93.. 2,776. 

3,470. 

. 26. 

. 28.. 7-4.. 6-4,. 124-1. 

24. 

. 5-2 

94.. 2,169. 

2,487. 

. 19. 

. 21.. 6-6.. 6-2.. 96-5. 

20. 

. 4-6 

95.. 1,949. 

2,149. 

. 18. 

. 19. . 6-9. . 6-2. . 97-5. 

13. 

. 4-9 

96.. 2,264. 

1,721. 

. 22. 

. 23.. 8-6.. 8-0., 120-9. 

18. 

. 6-3 

97,. 2,306. 

2,276. 

. 24. 

. 2.3.. 6-4.. 6-4.. 96-2. 

18. 

• 4-3 

9S.. 2,214. 

2,416. 

. 18. 

, 21.. 7-3.. 7-2.. 95-3. 

14. 

. 4-8 

99., 2,268. 

2,6 J8. 

. 21. 

. 22. . 6“.5. . 6-.5. . 94*3. 

11, 

. 3-5 

(00.. 2..590. 

1,719. 

. 26. 

. 26. . 6-7. . 6-6. . lOI -6. 

20. 

. 4-6 

101.. 2.132. 

2.680. 

, 19. 

. 17. . 8-9. . (1-3. . 95-0. 

15. 

. 5-2 

102.. 2,585. 

3.647. 

. 20. 

. 20. . 9-4. . 7-4. . I08-.5. 

22. 

. 5-1 

103.. 1,725. 

2..344. 

. 14. 

. 15.. 6-1.. 4-8. , 98-1. 

16. 

, 4-1 

104.. 1,696. 

1.785. 

. 11, 

. 13. . 6-2. . 5-2- . 87-6. 

13. 

. 4-6 

105.. 2.468. 

3,572. 

, 36. 

. 39.. 7-7.. 7-3., 107-6, 

31. 

. 6-3 

106,. 1,606. 

2,071, 

. 15. 

. 16. . 6-7. . 6-5. . 98- 1 . 

16. 

. 5-2 

107.. 1,714. 

1,426. 

- 15. 

. 19. , 7‘9, . 6-8. . 86-7. 

9- 

. 4-2 

108.. 2,069. 

2,581. 

. 20. 

. 20. . 8-0. . 7-5. , 88-6. 

16. 

. 4-2 

109.. 2,756. 

4,704. 

, 20. 

. 20.. 8-7.. 8-7.. 112-9. 

17. 

. 4-S 

110- • 1,759. 

1,819. 

. 13. 

. U., 8-7.. 8-0.. 91-8. 

12. 

. 5-8 

§111., 1,668. 

. 1,306. 

. 25. 

, 22.. 7-0.. 4-5.. 87-4. 

21. 

. 4-9 


* dry January. 1922. 

*er, 1921 


X Dry from January. I922.tinjime, 1921 
§ Went dry Novwnber, 1922. 



( 74 ; ) 

lTiit»pped Oprtfx. 
"l^tex Tblc^ss. 



aWh. Renevrti^ Cortej 


112 . 

113 

114 

116.. 

116.. 

117.. 

118.. 

119. . 

120 .. 

121 .. 

122 .. 

123.. 

124.. 

125.. 

126.. 

127.. 

128 .. 

129.. 

130. . 

131.. 

132 .. 

133.. 

134.. 

135.. 

136.. 

137.. 

138.. 

139.. 

140 . . 

141.. 

142. . 

143.. 

144.. 

145. . 

146. . 
147. - 

148 .. 

149.. 
lafK . 

131. . 

152.. 

163.. 

154.. 

155.. 

156.. 

167.. 

168 .. 

169.. 

160.. 

161.. 


gm. 

2,040 

2.223.. 

2.454.. 

2.544.. 

1.901.. 

1.844.. 

1.392.. 

2.001.. 

1.580.. 

2.134. . 

1.728. . 

2.114.. 

2.495.. 

1.988. . 

2.162.. 

1.943. . 

2.195. . 

1.888.. 

2.382.. 

2.450.. 

2.302.. 

2.784. . 

1.942. . 

2.356.. 

2.299. . 
2,504 . . 

3.019.. 

2.417. . 

1.820.. 

2.533.. 

2.015.. 

2.250.. 

2.108.. 

2.5.35.. 

2.290. . 

2.055. . 

2.. 500 . . 

2.456 . . 

2.0. 35. . 

2.494. . 

2.332.. 

2.080. . 

2.823. . 

2.528.. 
2,-355 . . 

2.359.. 

2.659.. 

2.572.. 

2.965.. 

2.795. . 


gm. 

2,832.'. 

3.265.. 

2.937.. 

3.832.. 

2.261.. 

1.361.. 

1.330.. 

2.902. . 

1.397.. 

2.580 . . 

1.690. . 

2.401.. 

1.961. . 

2.430.. 

2.965. . 

2.293.. 

2.320 . . 

1.869. . 

3.499.. 
3,422 . . 

3.357.. 

3.674.. 

2.319.. 

3.592.. 

2.700.. 

3.148. . 

4.981. . 

2.549. . 

1.885. . 

2.984.. 

2.142. . 

2.080 . . 

2,208 . . 

2.724.. 

2.669. . 

2.582. . 

2.915. . 
2.88 1 . . 
2,690, 
3,331 . 
2.635 . 
1,755, 
,3.741.. 

2.099.. 

3.047.. 
3,048 . 
3,514. 
3,653. 
4,132. 



24.. 

27.. 

6’7., 

6* 


97-2.. 

24. 

25.. 

25.. 

6-9.. 

6* 

1., 

97*6. . 

18. 

25.. 

26.. 

6*8.. 

7* 

2,. 

75*3.. 

25. 

23.. 

26. . 

8-8.. 

7-0.. 

96*5.. 

21. 

22.. 

22.. 

7-5.. 

6 

9.. 

82*3.. 

16. 

18.. 

18.. 

5'5.. 

6 

4.. 

64*6.. 

13. 

15., 

17.. 

5'8., 

6 

8.. 

62*2,, 

13. 

16.. 

16.. 

7-4.. 

7 

5.. 

97*2.. 

13. 

14. . 

17.. 

6-4.. 

5 

6.. 

* 81*3. . 

15. 

20.. 

19., 

7-2,. 

8 

1.. 

84*8.. 

21. 

16.. 

17.. 

5-4. . 

5 

1.. 

98*2. . 

16. 

16.. 

I9-. 

7-2. . 

4 

9.. 

94*1.. 

17. 

26. . 

27. . 

81.. 

7 

1. . 

101-2.. 

19. 

14. . 

15. . 

7-6.. 

7 

0.. 

105*3.. 

10. 

12. . 

15.. 

7-0. 

7 

2.. 

106*6.. 

16. 

20.. 

16. , 

7*6. 

6 

3. . 

83-6.. 

15. 

22.. 

19.. 

6*4. 

6 

1. . 

74-9.. 

20. 

15. . 

16.. 

7-4. 

6 

3., 

68*0.. 

11. 

19.. 

20.. 

6*6. 

5 

9.. 

95-3. . 

20. 

25.. 

21.. 

7-4. 

7 

0.. 

110-7.. 

21. 

21.. 

19.. 

7*0. 

6 

9., 

90-5.. 

22. 

21.. 

21.. 

7*2, 

7 

6. . 

101-9.. 

IB. 

20- . 

22 

7*6. 

6 

7. 

88-3.. 

18. 

19. 

20.. 

6*9. 

6 

0. . 

116-1.. 

19. 

11. 

12. 

5*7. 

5 

0. 

67-6.. 

12. 

27. 

27.. 

10-1. 

6 

9. 

96-5.. 

20. 

24.. 

26. . 

7*4. 

6 

3. 

liO-4. . 

22. 

16.. 

16. . 

7*4. 

6 

7. 

95-4.. 

19. 

15., 

20. . 

6*5. 

b 

5. 

78*1.. 

17. 

18. 

19.. 

7*3. 

f 

5. 

98*1.. 

23. 

10. , 

10. . 

7*6. 

8 

•0. , 

98*1.. 

12. 

23. 

27 . , 

6-1. 

6 

■3. , 

91-2.. 

14. 

17. 

17., 

5*8 . 

5 

■3., 

lKl-8.. 

25. 

13. 

15. , 

8*6. 

7 

■8.. 

108 • 2 . . 

17. 

14. 

19. , 

fi*5 . 

7 

■0. 

99-7. . 

15. 

14. 

13. 

7* 1. 

6 

■4, 

1 10’ 1. . 

21). 

19. 

10. 

H>-4. 

10 

• I . 

112-0.. 

20. 

, 12. 

13. 

8* I . 

8 

•0. 

119-0.. 

15. 

. 15. 

17. 

7*6. 

8 

■ 2 

m-i).. 

19. 

, 20. 

20. 

1 ' Ti. 

7 

• 0 . 

92* 1 - . 

22. 

, 16. 

18. 

7-5. 

6 

'6. 

ll)*3-8.. 

21. 

. 12. 

12. 

H-0. 

5 

*5. 

84-8.. 

9. 

. 18. 

16. 

7*8. 

7 

*6. 

116-1.. 

16. 

. 19. 

17. 

6*0. 

6 

■3. 

93*4. . 

21- 

. 23. 

23. 

6*2. 

5 

*6. 

0<)-2.. 

22. 

. 21. 

23. 

7*6. 

8 

*5. 

116 8.. 

22. 

. 23. 

20. 

7*0. 

7 

•5. 

90-8.- 

19. 

. 14. 

16. 

7*4. 

6 

■3. 

100-6.. 

18. 

. 20. 

21. 

. 7*8. 

, 6 

•8, 

103-1.. 

21. 

. 16. 

. 17. 

. 8*7. 

. 8 

•7. 

116*4.. 

13. 


5-1 

4-S 

4-4 






